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Abstract
Of the ten Tertiary and pre-Tertiary alkaline igneous centres in 
Eastern Uganda, three (Budeda, Tororo and Toror) are described in this 
thesis, and a sumnary of a fourth (Napak) is presented.
The earliest intrusive rock at Budeda and Napak is melteigite/ 
pyroxenite which in both areas becomes converted to variable ijolite by 
replacement in the form of diffuse patches and well-defined veins, 
Melanite, wollastonite and calcite are characteristic of later phases of 
ijolite at Napak and Tororo,
Nepheline syenites are produced by the development of feldspar in 
the marginal zone of the ijelites. At Budeda, cancrinite and calcite 
also occur in these rocks. They show intrusive relations with the 
fenites but are gradational towards the ijolite. At Napak, the cancri­
nite syenites and related feldspathic types occur as dyke-like masses 
within the ijolite.
Feldspathization also affects the mixed rocks of the agglomerate 
(including ijolite and nepheline syenite) adjacent to the carbonatite 
at Tororo, locally producing orthoclasites. At Toror, the gneisses 
around the carbonatite are in places converted to feldspathic fenites 
(potash-feldspar rocks), Feldspathic breccias and intrusive rocks of 
similar composition (about 12% K^ O) include trachytes, which evidently 
represent the mobilized products.
The carbonatite at Budeda is a small mass formed by the replacement 
of melteigite, but at the other complexes it is clearly intrusive.
Pyroxene, biotite and magnetite are considered to be derived from 
assimilated silicate rocks. Around the intrusive complexes fenites 
were formed by alkali metasomatism of the Basement. At Budeda 
syenitic fenites are widely developed, and have a foliated character 
which is related to early crushing. Locally the Budeda fenites are 
nepheline-bearing; they are also extensively feldspathized. The 
writer finds no direct evidence (with the exception of the trachytes) 
of mobilization of fenites to give rocks of the intrusive series. The 
intrusive rocks are considered to be derived from a melanephelinite 
magma, which by differentiation and the retention of volatiles led 
ultimately to the formation of a carbonatite residuum.
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PART I: INTRODUCTION
In the eastern part of Uganda are four impressive mountains, Elgon 
(14,178 ft.), Kadam (10,030 ft.), Napak (8,300 ft.) and Moroto (9,700 ft.), 
formed by the dissected cones of central-type volcanoes of Tertiary age 
(of. Chaney, 1933)# To the north lies the more eroded subvolcanic complex 
of the Toror Hills (6,300 ft.) and, to the south, close to Mount Elgon, are 
the still more eroded plutonic complexes of Budeda, Bukusu, Sekululu, Tororo 
and Sukulu, which are believed to date from the Cretaceous (Davies, 1956, 
p. 22). The group (fig. l.l) forms a belt, approximately north-south, 
but which follows no known tectonic feature. The Kenya Rift Valley lies 
some 75 miles to the east.
The volcanoes and their substructures are revealed to varying extents 
by erosion. Elgon and Kadam consist entirely of extrusive volcanics and 
Moroto is similar, although Varne (I966) recently has found intrusive rocks 
of plutonic character exposed within the erosion caldera. The greater part 
of the volcanic cones is formed of pyroclastic material; for Elgon, Davies 
(1952) estimated that only 1 per cent is represented by lava flows and, at 
Napak, King (1949) suggested 3 per cent, while Kadam probably contains 23 
per cent of lavas (Trendall, I96I). Among the lavas and agglomerates, 
nephelinites and melanephelinites predominate at Elgon, Kadam and Napak, but 
Moroto contains, in addition, abundant plagioclase-bearing rock types, 
including basanites, tephrites and basalts (Macdonald, I96I; Varne, 1966).
A quarter of the lavas of Elgon are phonolitic, occurring near the base of 
the succession together with trachytic rocks (Davies, 1952).
The central complexes are all characterized by carbonatite; in some 
cases the carbonatite is emplaced in intrusive rocks of the ijolite series
(at Napak, Tororo and Budeda, for example) and in others it appears to 
have risen to a higher level, penetrating the country rock in a series of 
ring dykes and cone sheets which are cut by later intrusions of phonolite 
(Toror and Sukulu). Around these complexes the country rock has been 
affected by alkali metasomatism.
Earlier geological work on the alkaline rocks of eastern Uganda
\
Wayland (1920) during his early reconnaissance work described the 
"Elgon Series" as the remnants of vast flows resulting from fissure eruption, 
for the volcanics dip at very low angles. Subsequently, however, it was 
appreciated that the separate mountains are individual volcanoes having 
broad, conical forms (Davies and Bisset, 1935)«
The nature and origin of the carbonatites in southeastern Uganda, set 
among Basement granites and gneisses, were for many years problematic; 
that forming Tororo Rock was originally considered by Davies to be meta- 
morphic, the surrounding alkaline rocks having been produced by reaction 
with granitic magma (1931, p.10). It was not until Davies and Bisset 
visited Napak in 1934 that the intrusive nature of the carbonatites was 
recognised, in the light of Bisset's experience of the Chilwa Series in 
Nyasaland.
The individual complexes have since been investigated by several 
geologists. The volcanic and plutonic rocks of Napak were mapped by King 
in 1939; his account (1949) pays particular attention to the volcanics, 
which constitute the greater bulk of the volcano. The discovery by 
Bishop (1958) of a rich mammalian fauna established the age of the basal 
volcanics as Lower Miocene. The account of Elgon by Davies (1952) also 
makes reference to earlier petrological work by üdman (1930).
3Davies made a special study of the older alkaline complexes in south­
east Uganda (1956); in the course of his work, which was largely concerned 
with the economic possibilities, he obtained much information from a sys­
tematic programme of drilling and pitting in this rather poorly exposed 
country. Davies investigated the phosphate deposits associated with these 
complexes (19^7), and a description of the magnetite occurrence of 
Nangalwe Hill (Bukusu) was published by Taylor (1953)# Mention is made of 
many of these investigations in the Annual Reports of the Geological Survey 
during and just after the war.
The Tororo Carbonatite was examined by Davies in 1932 in order to
assess its suitability for agricultural use. From about 1950, an extensive
drilling programme was carried out at Tororo and Sukulu, this time for the
purpose of using the carbonatite for the manufacture of cement. The Sukulu
carbonatite was quarried for a time and then abandoned, but Limekiln Hill
at Tororo is still quarried extensively at the present time. VJilliams,
working at Tororo and Sukulu at the time of the drilling, became interested
in both the structure of the carbonatites and the minerals of economic
value which were concentrated in the residual soils at Sukulu (including
pyroohlore and apatite). His published work includes an account of the
structure of the Tororo carbonatite (1952) and ideas on the petrogenesis
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of carbonatites and alkaline rocks (I959j^ ; his unpublished thesis (195^
is based on a study of the Sukulu complex, but it also gives an assessment
of the concentrations of economic minerals associated with carbonatites.
The Toror Complex, mapped by DuBois, formed the subject of his 
(unpublished) thesis. A brief summary was published in 1959. A detailed 
mineralogical account of some of the phonolites of Toror was given by 
Hytonen (1959). Recent work has been carried out in the course of the
4geological mapping of quarter-degree sheets by Trendall at Kadam (1961) 
and Napak (unpublished), and by Macdonald at Moroto (1961). Trendall (1959) 
has also given an account of the form of the subvolcanic surface beneath 
Kadam; having originally assigned a Pliocene age to the surface, he later 
(1961) accepted a Miocene age in the light of Bishop's palaeontological 
finds at Napak (1958). In 1962, Trendall published a description of the 
small alkaline vents of Kokipie and Lolekek. Moroto is currently being 
studied in detail by Varne, and an abstract of his work is in the press.
The present research was initiated by B.C. King in 1958 with the 
support and aid of the Uganda Geological Survey. Although primarily intended 
as a study of the petrological and chemical relationships between the rocks, 
based on a collection of specimens made by the writer in July, 1958, even 
at that time it was realised that field relations, not always emphasised in 
previous accounts, would be important in an integration of the similarities 
and differences among the complexes. Several previously undescribed rocks 
were encountered: trachyte at Toror; fenites, cancrinite-syenites and 
turjaites at Napak, and nepheline-syenites, carbonatites, and cancrinite- 
phonolites at Budeda. It became evident that further fieldwork would be 
helpful and, from January to March 196O, detailed mapping of restricted 
critical areas at Tororo, Budeda and Toror was undertaken by the writer, 
on a scale of 1:2000 using a plane-table.
The research is still in progress. Several mineralogical problems 
are now in the process of investigation, as part of the joint research 
project (Bedford College, London, and the University of Leicester) which 
now embraces the alkaline complexes of Nyanza in Kenya in addition to those 
of Uganda. The scope of this thesis is to present accounts of the detailed
relationships observed at the three intrusive complexes of Budeda, Tororo 
and Toror, together with a summary account of Napak (much of the petrology 
of this complex having been carried out by King). The mineralogy of the 
complexes, which has been studied in no great detail, is presented in the 
form of an appendix. The concluding section of the thesis consists of a 
discussion of the phenomena that are observed at the various complexes, 
and their integration into a picture of the evolution of the alkaline 
rocks. Conclusions regarding petrogenesis are summarised.
PART II: THE BUDEDA COMPLEX
Introduction
The Budeda complex, named after the highest and central hill of the 
Mawosa Hills (lat. 1° 9' M, long. )4° 22' E), lies at around 4,500 feet 
in the Elgon foothills bordering the Siroko valley, thirteen miles east- 
northeast of Mbale township. Although it is the smallest of the complexes, 
being less than half a mile across, the outcrops are fresh, and small- 
scale structures can be examined readily in the water-worn surfaces which 
occur intermittently along the Siroko and its tributaries. Exposures are 
not numerous on the hillsides, which have a thick covering of soil and are 
cultivated. Plane-tabling is not easy, on account of the plantations of 
bananas, and paths were used as much as possible for traverses.
The central part of the complex (Plate l) is occupied by an arcuate 
mass of variable melteigite, ranging from pyroxenite to ijolite and urtite,
400 yards in length, on the north side of Budeda Hill. Within this mass 
are two small areas of carbonatite, less than forty feet across. Smaller 
masses of ijolite occur on the summit of Budeda, beside the Disiyi river, 
and on the hills Galala to the west and Bundagala to the north. All these 
masses lie within a wide area of syenitic fenites in the granitic Basement 
rocks. In many places around the margin of the ijolite are cancrinite- 
syenites; they are particularly well developed in two areas on the slopes 
of Budeda to the east, and near the summit. A large dyke of nepheline 
syenite cuts the ijolite at the northern end of the main mass. Several 
small dykes of cancrinite syenite cut the complex.
A fault trending east-northeast traverses the complex south of Budeda 
summit, with a probable downthrow to the south. It has the effect of reducing 
the outcrop of syenitic fenites on the south side.
1. The country rocks
The larger part of the area around Mbale is underlain by granitic 
Basement, forming widespread plains in the west and rising to over 5000 
feet in the foothills of Mount Elgon to the east, No specimens of un­
altered Basement were obtained from the area immediately round Budeda, 
mainly because all the specimens collected from the sporadic exposures 
around the complex were found, on closer examination back in England, to 
be fenitized; it was only appreciated at this stage that the outermost 
fringes of the complex had not in fact been explored. However, specimens 
of unaltered Basement rocks were collected at Buwalasi, seven miles west 
of Budeda, and fenitized rocks from the margins of the Bukusu complex 
about 10 miles to the south were collected for comparison. The nature 
of the country rock is therefore deduced from these available specimens, 
with the aid of Davies's earlier descriptions (1956).
Biotite-granite is one of the most common rock types of the Basement 
in southeast Uganda, although varieties with hornblende or with muscovite 
are also recorded (Davies, op.cit., p.15); the granites tend to be gneissose 
in the eastern part of the area. At Buwalasi the Basement is gneissose, 
having augen of oligoclase 5 mm. in length. The plagioclase is clear except 
for some metamorphic clouding in patches and channels, and some crystals show 
signs of breaking into several units; the composition is An^ .^ Sweeping 
around the augen and occupying an interstitial position are channels of 
elongate, sutured quartz grains with undulose extinction, and ragged 
flakes of biotite with a strong preferred orientation. Accessory minerals 
are muscovite, apatite and strings of sphene wedges (pleochroic from clove 
brown to colourless). Microcline is very sparse, and twinning not well 
developed.
8Granites obtained close to Budeda, however, show no mineral orientation 
or foliation. Specimen SUB 2?4 contains abundant microcline forming anhedral 
crystals 1 to 2 mm. in diameter, and a small amount of oligoclase (An^ )^ in 
anhedral roundish crystals which are slightly clouded; pods of sutured quartz 
grains occur in interstices. This rock is fairly similar to the Fuluma 
granite north of Bukusu (specimens SUB 84, 85) but oligoclase here accounts 
for some 40 per cent of the rock, forming large subrectangular crystals up 
to 8 mm. in diameter. Marginally the oligoclase forms a myrmekite intergrowth 
with quartz adjacent to microcline, and the centres of the crystals are 
sericitised. Microcline is interstitial, accompanied by granular, unsutured 
queirtz and ragged flakes of biotite (dark brownish-green to straw colour) 
with accessory apatite. In the region of Lukonge (near Bukusu) the micro- 
cline-bearing granites show extensive development of epidote and the texture 
is cataclastic.
An unusually potash-rich granite occurs in the stream section to the 
south-east of Budeda Hill. It consists largely of slightly perthitic ortho- 
clase grains up to 3 mm., the plagioclase lamellae being more abundant near 
the margins of crystals; the potash feldspar is clear except for lines of 
cloudy inclusions. It has an average 2V of 32°. Quartz is interstitial, as 
pods and strings of sutured crystals with undulose extinction. The chemical 
analysis of this granite (SUB 273) shows 7*66 per cent K^O and 3-03 per cent 
Na^O. Since this rock occurs in the zone of fenitized rocks around Budeda, 
it is not clear whether its highly potassic character is connected with 
fenitization or not ; it is assumed, however, that, since it has not been so 
altered as to eliminate quartz, the rock may well represent a zone of potash- 
granite in the original Basement.
2. The envelope of fenites 
*
At Budeda, the term fenite embraces three rock-types:
(a) fenitized granite.(containing quartz);
(b) syenitic fenite (with no free quartz);
(c) nepheline-bearing syenitic fenites.
Within each group are variations from leucocratic to melanocratic rocks.
In the field, these rocks form an envelope around the central alkaline 
masses; only two zones are recognised, an outer fringe of fenitized granite 
grading into country-rock, and an inner zone of syenitic fenites, the 
nepheline-bearing fenites being only sporadically developed in small patches 
close to the central alkaline bodies.
The sequence of events which can be recognised in the fenites is:
(i) crushing;
(ii) early metasomatism;
(iii)recrystallization, with some metasomatism;
(iv) series of veins and pegmatites,
(a) Fenitized granite
The first signs of incipient fenitization appear as minute channels 
along which feldspar in particular and, to a lesser extent, quartz have
undergone granulation. The channels are small, and form a random network
*
As defined by Brogger, the raetasomatic aureole around the alkaline complex 
at Fen, Norway, consists of "fenites", containing up to 23 per cent of 
aegirine-augite and "tveitasites" which are more melanocratic. The latter 
term has never been generally accepted, but "fenite" has been almost univer­
sally adopted to describe "any rocks that have suffered alkali metasomatism 
around alkaline intrusions, irrespective of composition, but excluding mobi­
lised (rheoraorphic) and transported hybrid mixed rocks" (Baker, 1933)» It 
is evident that a variety of rocks can be produced by alkali metasomatism 
according, in the first place, to the nature of the original rock and, in 
the second, to the degree or intensity of the alteration.
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which is seen in the field as a pattern of hair-like cracks coloured brown 
by the alteration of dark minerals in the veins. Parts of large feldspar 
crystals become optically discontinuous and separated by granulation channels, 
and as the proportion of granulated material increases they appear as angular 
fragments in a recrystallized groundraass. Specimen SUB 2^4 has channels of 
fine-grained alkali feldspar up to 1 mm. wide (fig. 2.l); in the widest parts 
some of the recrystallising feldspar becomes oriented along the vein, and 
locally plagioclase, rather more sodic than the original oligoclase, forms 
an intergrowth of elongate, subhedral crystals. Specimen SUB 273, a potash- 
rich granite, is more intensely granulated, with the development of a fine­
grained groundmass of anhedral potash-feldspar and small albite crystals; 
quartz appears to be less abundant than in the fragments of granite. The 
effects of crushing are most marked in specimen SUB 286 near the summit of 
Budeda Hill, the whole rock having recrystallized to a granular mass of albite, 
potash-feldspar and quartz, with the exception of relic crystals of oligoclase, 
rounded and embayed by albite (An^). Some of the crushing effects, however, 
may be due to the proximity of a later fault, rather than to fenitization alone 
along the granulation channels amphibole and pyroxene have developed 
rather later than the recrystallization of feldspar; except in the wider 
channels none of the minerals shows any marked parallelism. The dark minerals 
form sheaves of radiating prisms which, where they become abundant, aggregate 
as a felted mass (fig, 2.2). The pyroxene is near aegirine, c 3°, strongly 
pleochroic in pale colours X (blue-green)> Y (green)> Z (yellow), but the 
colour is patchily distributed even in small crystals and extinction 
irregular. It occurs with a pale blue amphibole of similar habit but less 
idiomorphic, the pyroxene grains tending more to lie along the edge of the 
fenite veins with amphibole among the feldspar crystals inside. Larger
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prisms of amphibole sometimes have inclusions of aegirine at the core. The 
amphibole has a low birefringence and anomalous blue interference tints, 
with an extinction angle of about 28°. It is weakly pleochroic X (blue-green) 
>Y (yellow-green)> Z (pink-grey). In the more shattered granite SUB 273 
pyroxene occurs in isolated prisms rather than aggregates, and has an ex­
tinction angle of 10°; it is accompanied by the blue-green amphibole. IVhere 
shattering is not restricted to narrow channels (SUB 286) the fenite minerals 
are dispersed through the fine-grained groundmass, and pick out a vague 
banding, but individual crystals in the layers are not aligned. Pyroxene 
and amphibole are equally developed, and are especially abundant around pods 
of quartz. The amphibole here has an extinction angle of over 40° and 
X>Y>Z. The dark minerals form a sweeping pattern around the relic oligo­
clase, and the rock in the field has the appearance of an augen-gneiss.
(b) The syenitic fenites
A common feature of the syenitic fenites is the presence of translucent 
feldspathic spots generally less than 3 Q^m. in diameter but occasionally up 
to 1 cm. across (figs. 2.3, 2.4); many have white rims, and some are white 
altogether. The spots are rounded, and often oval with a marked parallelism, 
and the dark minerals sweep round them (fig. 2.3)# The spotted syenites 
grade, sometimes rapidly, into unspotted, fine-grained syenites with a 
blinding picked out by layers of dark minerals (figs. 2.6, 2.7). Many of the 
syenites become very dark coloured, being fairly fine-grained with close 
layers of pyroxene, and these pass into vaguely streaked syenites with 
swirling layers of feldspar and pyroxene. All these rocks are interpreted 
as "crush rocks" developed by similar processes on a more extensive scale 
as the fenitized granites. Whereas the granites show only limited effects 
of crushing and metasomatic recrystallization, the syenites have been far 
more intensely affected by both processes.
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The syenites are variable rocks, not only in the sporadic preservation 
of relics and degree of recrystallization, but in the distribution of dark 
minerals introduced during fenitization, and in the development of later 
feldspar in porphyroblasts, veins and pegmatites.
For the purposes of description, the syenites may be classified as 
follows:
(i) Soda-syenites; with relic spots; without relic spots.
(ii) Potash-syenit es: with relic spots; without relic spots.
(iii) Coarse-textured perthitic syenites.
(i) Soda-syenites. H^ih_relic_spotsj_ Recognisable relics of the 
original rock occur as rounded spots which in thin section are found usually 
to consist of single crystals of oligoclase (An^^), cracked and traversed by 
channels of antiperthite. Around the edges the relics are embayed by a 
fringe of feldspar crystals up to 0.3 mm. in size and of irregular shape, 
having a characteristic dactylotypic texture owing to the presence of numerous 
inclusions (fig. 2.8). The inclusions are elongate blebs, often showing a 
radial arrangement with respect to the core of relic oligoclase, especially 
in the immediately adjacent crystals, but in the outer parts of the fringe 
this radial habit is less common. The fringes often consist of a double row 
of feldspar crystals, but all stages of the replacement of oligoclase can be 
observed, and often the "spots" consist entirely of aggregates of dactylo­
typic feldspar.
The fringing feldspar, although rarely twinned, appears to be albite; 
the inclusions vary, sometimes having a higher refractive index than the host 
crystals and lower birefringence, but sometimes having a distinctly lower
V
refractive index and oblique extinction. It appears that the inclusions may 
consist variously of either of two minerals, neither of which has been
13
identified; nepheline is one possibility, ojid the texture is comparable 
with that of the feldspar-nepheline patches of SUB 221 (cf* p. l6 and 
fig. 2.16); the properties of the other agree with those of scolecite.
Around the relics is a fine-grained groundraass of recrystallized feld­
spar, commonly antiperthite, in which the potash feldspar patches are slightly 
clouded; the margins of the crystals are intricately intergrown in a close 
feathery texture (fig. 2,8). The plagioclase is twinned in only a few 
syenites, when it shows a tendency towards a lath-habit, and has the compo­
sition Ang. The grain size of the groundmass varies up to 0.1 mm., occa­
sionally up to 0,2 mm. Often the size varies in narrow bands a few milli­
metres wide, and some bands are more pyroxene-rich than others.
The pyroxene occurs in layers of small granules and dispersed crystals 
(fig. 2,9). Sometimes the granules tend to collect as sieve-like plates and 
become optically continuous (figs. 2.10, 2.1l). It is an aegirine-augite 
with X/vc about 36 .^ In some of the syenites, particularly those with the 
spongy textured pyroxene, amphibole and/or biotite occur. The amphibole is 
not quite like that in the granitic fenites; its extinction angle is Z^c 21° 
to 23°, and it is strongly pleochroic, X (pale grey-brown)< Y (dark grey- 
brown) > Z (green-grey). The biotite is pleochroic from foxy brown to pale 
straw. Sphene is a constant accessory mineral.
Withoujt relic ^ots: Some of the syenites in this group are in fact 
spotted but these spots consist of aggregates of recrystallised antiperthite, 
probably in the place of the original relics, since the dark minerals sweep 
round the spots in the same way in both types of syenites. The rocks in this 
group, being more recrystallized, are less regularly banded, and have a 
darker, streaky appearance. The mineralogy is essentially the same as in 
the syenite with relics, but the groundmass has a grain-size 0.2 to 0.3 mm. 
with feldspar up to 0.3 mm. in coarser pods.
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(ii) Potash-syenites. Among the syenitic fenites are rocks which are 
similar in all respects in the field, but in thin section are found to con­
sist almost entirely of potash feldspar and dark minerals* They occur at 
intervals in an approximately south-south-east, north-north-west belt from 
the eastern slopes of Budeda Hill, over the summit and around the alkaline 
outcrops on Galala Hill. The potash-syenites may have developed during 
fenitization from the potash-granite of the Basement, although a derivation 
from 'normal' granite by pot ash-feldspathi zat ion is not precluded.
Wi;th_r£lic_sjpo^ sj_ The largest spots are 1.3 cm. in diameter, and consist 
of aggregates of interlobing crystals of potash feldspar; these crystals 
enclose elongate blebs of minerals having the same properties as the inclu­
sions in the more sodic feldspars. Outside the augen the groundmass consists 
of a granular mosaic of clear potash feldspar (orthoclase); in contrast with 
the soda-syenites the grain boundaries are simple and polygonal, and the feld­
spar is only rarely perthitic (see fig. 2.8). Some of the feldspar tends 
towards rectangular habit and a general preferred orientation. Pyroxene forms 
layers and dispersed granules between feldspar crystals, and around relic 
spots (fig. 2.12), and prismatic crystals may show parallel orientation. 
Extinction angles of the pyroxenes in these syenites, as in the soda syenites, 
vary from X/\c 33° (SUB 39) to 4l° (SUB 36) in the unspotted syenite, and 43° 
is recorded in the zoned crystals of SUB 283. Apatite and pale sphene are 
constant accessories.
Wi_thout relic spots: As with the soda-syenites, the mineralogy of the 
more recrystallized fenites is similar to the spotted rock, but variable 
amounts of plagioclase occur as albite rims to potash feldspar and sometimes 
as separate crystals; large porphyroblastic crystals growing in pods and in 
the sites of original relics are generally perthite. The pyroxene has a 
similar appearance to that in the spotted syenite, being patchily zoned, but
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extinction angles are large, commonly around c 40°. Sphene and apatite 
are accessory.
(iii) Coarse-textured perthitic syenites. These rocks have a sporadic 
distribution among the fenites; they are cream coloured rather than grey, and 
their coarse texture is distinctive. Some of them show only the vague rem­
nants of early banding characteristic of fenites, and many have been affected 
by later veining in a network pattern, so that their appearance resembles 
more closely the shattered fenitized granite than the syenitic fenite. In 
thin section the rocks are recognised as perthosites (fig. 2.13, and see 
fig. 2.8), the i^ ?ain size varying from 2 to 3 mm. ; individual crystals are 
oval, the plagioclase rims being intricately intergrown with neighbouring 
crystals. Pyroxene forms occasional dispersed prisms (X^ c 28-33°) in some 
rocks but in others it may be confined to veins across the perthite-rock as 
in the granitic fenites. The pyroxene is prismatic, but is less aegirine- 
rich than in the granites, having an extinction angle X/\c 22°.
(c) Nepheline-bearing syenitic fenites
The nepheline-bearing syenites, not extensively developed, are patchily 
distributed in the fenites in the region of Budeda Hill. Several instances 
were found, however, of nepheline-free fenites against the ijolite margin 
and against cancrinite-syenite. Occasionally nepheline is sufficiently 
abundant to be recognisable in the field, but it is found to occur in many 
specimens of syenitic fenite when examined in thin section. Most commonly 
it forms porphyroblasts up to 1 mm. in diameter, round but with irregular 
margins, which enclose the small crystals of antiperthite or potash-feldspar 
of the groundmass (fig. 2.l4). Nepheline also forms fairly coarse textured 
pods with pyroxene (SUB 38a). In some rocks nepheline occurs with pyroxene 
along narrow veinlets (fig. 2.13), and porphyroblasts are present among
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crystals of feldspar in the groundmass. SUB 221 is a spotted syenitic fenite 
from north of Budeda summit, in which the spots, 2 to 3 mm.- in diameter, con­
sist of recrystallized antiperthite which enclose granules of nepheline 
(fig. 2.16).
Where nepheline becomes abundant, it forms fairly fine-grained, granular 
patches and individual crystals are quite anhedral, probing into pyroxene 
and producing a texture similar to that of the ijolite (SUB 313).
Many of the nepheline-bearing fenites are conspicuously speckled with 
biotite, which forms ragged flakes and spongy-textured plates replacing 
pyroxene, and is pleochroic from pale yellow to red-brown. Sometimes pale 
brown amphibole is also present (e.g. SUB 67).
Nepheline is found in syenitic fenites of all types, including fine- 
and coarse-grained varieties, and in both sodic and potassic fenites. Apart 
from the development of nepheline, and sometimes biotite, the textures of the 
syenites are similar to those which are free from nepheline. In all these 
rocks, sphene and apatite are common accessories. Cancrinite sometimes 
replaces nepheline as blebs and ramifying plates, and interstitial calcite 
may be present (SUB 201).
The nepheline clearly was introduced in the syenites after the initial 
fenitization; in SUB 279 nepheline encloses pyroxene and sphene, and was 
therefore later. In SUB 221 (fig. 2.l6) it seems that nepheline accompanied 
the growth of large perthitic feldspar crystals, yet in SUB 201 nepheline 
is clearly corroded by developing feldspar (fig. 2.I7). In SUB 313, from 
near the confluence of the Disiyi and Siroko, narrow veinlets of pyroxene 
and nepheline are cut by later feldspathic veins, but SUB 69 from the same 
locality also contains later interstitial nepheline in these feldspar veins.
It seems that the development of nepheline did not occur at only one stage but 
at intervals, associated variously with feldspar and with pyroxene.
(d) Ultrafenites 1?
Rocks which can be assigned to this category are not found in situ, 
but occur as xenoliths in the alkaline intrusives at two localities. At 
the bend in the Siroko south of the bridge, xenoliths up to 9 inches across 
show a vague foliation and are pitted on the weathered surfaces. In thin 
section these xenoliths are recognised as biotite-ijolite, in which the 
banding is formed of layers 1 mm. thick. Apart from a general parallelism 
of some of the more prismatic pyroxene crystals, the texture is granoblastic 
consisting of pyroxene and nepheline; larger crystals of pyroxene, and the 
biotite, show a poikiloblastic texture. The biotite is concentrated in 
certain layers but shows no preferred orientation. Texturally, the rock 
bears a strong resemblance to some of the biotite-nepheline syenitic fenites, 
but feldspar is entirely absent.
Somewhat similar xenoliths occur in the cancrinite-syenite on the small 
island in the Disiyi, but banding is less conspicuous. SUB 266 is virtually 
an ijolite, with abundant nepheline and pyroxene, but relics of syenitic 
fenite remain: thtrs are a few patches of fine-grained potash feldspar, and 
some of the pyroxene has the spongy texture often seen in fenites but rarely 
present in ijolites; biotite is also present.
This term was introduced by von Eckermann (1948), although not precisely 
defined. References are made to "alkaline ultrafenites" and "completely 
alkalized fenite" (op.cit., p.28), and the rocks are depicted as the most 
intensely fenitized country-rock in which original migmatite structures have 
not been destroyed. However, elsewhere (p.42) he states that "these fenites 
have already lost their original structure and have been "plastic", viz. on 
the point of rheomorphism". Nevertheless, he is satisfied as to their 
fenitic origin. The rock-types show "a conspicuous increase of the femic 
minerals" (p.4 )^ and melteigitic "ultra-fenites" are described which have 
poikilitic textures (p.42). In composition they resemble more closely the 
alkaline intrusives than the original country rock, and had previously been 
regarded by HBgbom as magmatic alkaline rocks (cf. von Eckermann, op.cit.,p.27).
It is proposed here to define ultrafenites as the products of intense feni­
tization, desilication and alkali metasomatism having progressed beyond the 
development of syenitic rocks to produce highly undersaturated ijolitic types, 
yet which retain some property whereby their fenitic origin may be recognised.
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Feldspathization in the fenites
It will have been appreciated from the foregoing descriptions that an 
important aspect in the syenitic fenites is the development of feldspar.
So far, the feldspar has been described as a means of classifying the variable 
fenites into groups, according to its grain size and its predominantly sodic 
or potassic character. The development of feldspar took place, however, in 
several stages, the latest of which, in the form of numerous veins, is 
conspicuous especially near the confluence of the Disiyi with the Siroko.
The earliest feldspathization converted the crush-granites into syenites; 
the fine-grained varieties (of which both sodic and potassic types exist), 
often containing relic spots, are considered to represent these * early' 
syenites. There are all gradations, however, between these and coarse­
grained syenitic fenites (see fig. 2.8). Coarse-grained feldspar develops 
in several ways. Often it grows in place of the relic spots, as single 
crystals or aggregates, but also it forms elongate pods or streaks which 
enhance the existing foliation of the rock, and on weathered surfaces these 
streaks stand out as buff-coloured ribs (fig. 2.l8), In many cases the 
feldspar which develops at this stage appears to be rather more potassic 
than the rest of the feldspar in the rock. In SUB 291 for example from 
Budeda summit, the general groundmass consists of irregular crystals of 
albite, perthite and potash feldspar, and the larger feldspar crystals in 
some of the spots is slightly turbid perthite, fringed with twinned albite; 
in the streaky fenites from the Disiyi (e.g. SUB 238) the feldspathic ribs 
which are coarser grained than the rest of the rock contain a more con­
spicuous amount of the clouded potash feldspar in the perthite. Locally 
the streaky syenites in the Disiyi contain masses of feldspathic material 
some inches in length; in the field these were thought possibly to be relic 
patches of feldspathic rock, but they are now considered more likely to
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represent feldspathized patches, of the same type as the spots or streaks.
By a small waterfall downstream from the island in the Disiyi, this type 
of feldspar appears to have picked out original crush-textures in the 
syenite (figs. 2.19, 2.20).
Further downstream, near to the Siroko, the syenites are very much 
feldspathized. Mostly the feldspar follows the foliation in the form of 
narrow parallel streaks, but also these streaks divide and branch (fig. 2.21). 
There are also diffuse patches of feldspar in these rocks in which the 
foliation has been obliterated. In places, coarse-grained feldspar occurs 
adjacent to dark pods of pyroxene, suggesting that perhaps some segregation 
has taken place.
The fenites have mostly been affected after this feldspathization by 
shattering (locally shearing) which is marked by a pattern of thin pyroxene 
veinlets (figs. 2.6,& 2.20-24). At the exposures near the Disiyi/Siroko 
confluence, the shear planes, occupied by pyroxene veins, disturb the streaky 
foliation of the feldspathized rocks (fig. 2.24).
The fenites have also been affected by later feldspathization in the 
form of fairly coarse-grained veins. These are seen to cut across some of 
the pyroxene veinlets. They are generally rather sinuous, and show hardly 
any tendency to follow the streaky pattern of earlier feldspathization. Often 
the feldspar in these veins is accompanied by pyroxene. These late feldspar 
veins from the exposures close to the Siroko consist of coar-se grained anti­
perthite, with a high proportion of albite which shows a close cross-hatched 
twinning resembling that of microcline; its refractive index, however, agrees 
with that of albite. Porphyroblasts, up to an inch or so across, are common 
in the syenites here and since they consist of a similar antiperthite with 
twinned albite, are probably related to the late vein episode (fig. 2.23).
The sequence of phenomena affecting the fenites in these exposures is
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illustrated by SUB 313, from which a number of thin sections has been cut 
for examination. Fig. 2.26 shows the cut surface of the rock, and fig. 2.27 
a drawing with a superimposed grid corresponding with the thin sections. The 
rock consists of several components: l) "relic feldspar" patches; 2) a 
general foliated groundmass; 3) dark green ijolitic veinlets; 4) late feld­
spar veins mottled with pyroxene.
1) The "relic" patches, some over 1 cm. across, are rather translucent 
and ’waxy* in appearance; in some (e.g. IB) cores can be detected. The 
patches sectioned consist of aggregates of irregular-shaped plagioclase 
crystals which are full of round and elongate inclusions, and no cores
of old feldspar were seen. The inclusions have variably higher and lower 
refractive indices (20 and 3D respectively). In some cases small patches 
of cancrinite occur between the host feldspars, but are not seen to re­
place the inclusions. Outside these patches the antiperthite of the 
groundmass rarely contains these inclusions. Some of the .patches con­
tain a central zone of recrystallized coarse-grained perthite (3A).
2) Most of the rock is closely foliated, and consists of antiperthite 
with a variable but generally small amount of the potash feldspar com­
ponent as small flecks and patches. Some of the plagioclase shows close 
cross hatching resembling microcline. Pyroxene is the chief dark mineral, 
forming short strings of small grains rather than continuous layers. The 
foliated pattern is produced largely by the grouping of pyroxene stringers 
around small patches of fine grained feldspar relatively free from 
pyroxene which probably represent recrystallized earlier crystals (figs. 
2.28 and 2.29). The pyroxene is variably prismatic (the prisms sometimes 
aligned in parallel) or granular, and may occur as scattered blebs and 
also in oval aggregates (generally aligned with the foliation) with
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which are intergrown poikilitic pale greenish brown amphibole and 
abundant flakes of biotite. Biotite flakes also accompany (and generally 
surround) the pyroxene grains not confined to these aggregates. A further 
type of foliation is picked out by the presence of pyroxene-biotite 
aggregates in some layers, the intervening layers consisting only of 
dispersed pyroxene and feldspar.
3) The rock is traversed by several narrow dark green veinlets. The 
rather wider ones (up to 4 mm. or so) are ijolitic; they consist of 
medium grained stoutly prismatic pyroxene, sometimes zoned from diopside 
to aegirine augite, with subhedral nepheline between. A small amount of 
cancrinite occurs after nepheline, and sphene is fairly abundant. Along­
side the veinlet, the marginal feldspar is white in handspecimen, and
in thin section is seen to consist of fairly coarse textured antiperthite. 
The narrow green veinlets do not contain nepheline but consist of aegirine 
augite, with sphene both in the vein and alongside. These veins cut 
across the earlier textures shown by aggregates of biotite and pyroxene, 
but no change in the composition of the pyroxene was detected. Nepheline 
crystals occurring sporadically in the main rock may be related to the 
ijolitic veins.
4) The late veins of feldspar which cut across earlier structures consist 
of cream-coloured, fairly coarse-grained antiperthite and perthite. The 
plagioclase is clear and cross-hatched, the enclosed patches of potash 
feldspar generally being more cloudy. There is a tendency towards lath 
shaped or squarish crystals but boundaries are intergrown in detail. Al­
though the plagioclase is conspicuous by its generally higher birefringence 
and twinning, these late veins do not appear to be more sodic than the 
host rock. In another specimen from this locality, however, the coarse­
grained feldspar is accompanied by a small amount of nepheline. The
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latter has the appearance of late development, since it surrounds and 
encloses several crystals of feldspar, together with some pyroxene and 
sphene (SUB 69). Small lenses of pyroxene associated with the feldspar 
veins also contain nepheline and sphene; these patches resemble the 
earlier ijolitic veins,
3« The central alkaline masses
Within the envelope of fenites, bodies of alkaline rocks (ijolitic types 
in the main) outcrop sporadically on the hillsides; the masses are not marked 
by any change in the topography and the presence of a group of intrusions 
would not be suspected from the land-forms. For this reason, and also on 
account of the poor exposure in some parts, it is probable that there are 
more intrusions than are indicated on the map; the boundaries of the known 
intrusions have been inferred solely from the available exposures. Never­
theless, despite these uncertainties, it is clear that the alkaline bodies 
have irregular outlines. The largest mass, on the northern slopes of Budeda 
Hill, is somewhat arcuate, about 400 yards long and 100 yards wide, and out­
crops over a vertical extent of 600 feet. Its northeastern margin appears 
to be followed by the Disiyi and Siroko rivers, although a river terrace, 
consisting largely of boulders of Elgon volcanics, obscures the ground on 
the northeastern side of the Siroko. There is reason to suppose that the 
main mass has a base, dipping at a low angle, which is underlain by fenites, 
for a small breccia-dyke in the Siroko exposures south of the bridge con­
tains abundant fragments of fenite, presumably brought from below. Whether 
the intrusion is a lenticular body, or sheet-like, sloping towards a centre, 
cannot be determined on the available evidence. The mapping undertaken for 
the present work was largely for the purpose of establishing relationships 
between rock-types as a basis for pétrographie study. A better understanding 
of the form of the individual masses and their relationships within the
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complex would probably be obtained from more comprehensive mapping.
The marginal zone of one of the small masses, on the saddle between 
the hills of Galala and Kiduwa, was seen to be coarsely banded (fig. 2.30), 
the layers dipping steeply to the north, towards the outcrop of unbanded 
ijolite. These small masses may therefore be funnel-shaped, or they may 
represent parts of sheeted intrusions.
Sharp contacts, which testify to the intrusive nature of the alkaline 
bodies, occur against fenite on the summit of Budeda Hill (where the spotted 
syenitic fenite contains no nepheline) and in the west bank of the Disiyi 
river close to its confluence with the Siroko; the spotted fenite here 
shows signs of shearing (fig. 2.31), and nepheline occurs in specimens from 
the opposite river bank.
Among the alkaline bodies themselves it is possible to study their 
mutual relations. The main rock types which constitute these masses are: 
a) melteigite, b) ijolite, c) cancrinite syenite and d) carbonatite. The 
most abundant are the ijolites and cancrinite syenites.
(a) Melteigite
In this rock, which occurs sporadically within the ijolites, pyroxene 
constitutes from 73 to 90 per cent of the volume*. The main exposures are 
on the northern slopes of Budeda Hill, in the banks of the Siroko below, 
and on the summit of Galala Hill. In the last two localities the rock is 
an apatite-rich pyroxenite with very little nepheline. In the Siroko exposure 
the pyroxenite forms the earliest phase and is invaded by veins and diffuse 
patches of coarse-grained ijolite and by later cross-cutting ijolite pegma­
tites; the pyroxenite thus appears as angular and rounded inclusions in 
heterogeneous ijolite (figs. 2.32 2.34). There are no chilled margins to
be seen in either pyroxenite or ijolite, but the dark rock often becomes
cf. von Eckermann 1948, p.13, fig, 2.
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more coarse-grained neair the later pegmatite. In addition pods of ijolite 
and isolated porphyroblasts of nepheline are seen in the pyroxenite. The 
impression is gained that melteigite and pyroxenite are made over into 
ijolite largely by replacement. Similar relationships were observed in the 
ijolites of Napak (see p.l64 ).
The grain-size of the melteigite is generally 1 to 2 mm, but occasional 
crystals occur up to 3 mm. (SUB 28). The crystals are haphazardly oriented 
and, although closely packed in the darker rocks, show little mutual inter­
ference (fig. 2.33). Zoning is apparent in many crystals, the earlier cores 
being of irregular shape, paler in colour, and less sodic than the outer 
layers; instances of oscillatory zoning are recorded. The pyroxene is pleo­
chroic from pale green to yellowish green. Extinction angles vary, but are 
mostly large, and indicate a diopsidic pyroxene with a small amount of acmite 
(and probably hedenbergite) in the molecule*. Interstices are occupied in 
the pyroxenites by apatite which probes into the pyroxene. It forms isolated 
crystals up to 0.3 mm. in diameter (SUB 234) and aggregates of polygonal 
grains. Some of the pyroxene is riddled with inclusions of apatite (SUB 233)# 
In SUB 27 apatite constitutes 3.6 per cent of the volume. A small amount 
of interstitial zeolite having low birefringence, and some cancrinite, 
probably represents original nepheline. On the slopes of Budeda, apatite 
is patchily distributed in melteigite which consists of unaltered, anhedral 
poikilitic nepheline between the prisms of pyroxene. Sphene is a common 
accessory in most of these rocks, and in SUB 234 it contributes about 4 per 
cent of the rock. Biotite is often present but iron oxides are not common; 
small vugs of spherulitic natrolite, rimmed with limonite, occur in a few 
rocks, and small amounts of calcite and pyrite are recorded.
See p. 204 for composition of pyroxene.
(b) Ijolite
The ijolites are extremely varied in composition and texture but, 
unlike those of Napak, few minerals occur other than the essential pyroxene 
and nepheline. Calcite, cancrinite and potash feldspar are the only additions 
by which the ijolites grade into other rock-types.
The ijolites are rarely banded except near the margins of the masses, 
and are more often patchy, with rapid changes in texture and composition over 
a few inches. Pegmatitic areas, with crystals up to a centimetre or so, are 
common both in diffuse patches and in well-defined veins.
Most of the ijolites show textures which are intermediate between two 
extreme types. In the more melanocratic rocks which grade into melteigites, 
pyroxene, while by no means always euhedral, nevertheless forms stout prisms 
and aggregates of grains, with nepheline occupying interstices, sometimes in 
the form of quite large poikilitic plates (fig. 2.36A). It is proposed to 
term this texture "melteigitic".
Many ijolites contain clots, patches or bands with melteigitic texture.
Most, however, consist largely of less melanocratic varieties, where pyroxene 
and nepheline are present in roughly equal amounts. Here the pyroxene is 
typically less idiomorphic than in the melteigites, although stout prisms of 
fairly good shape are not entirely absent. Most of the crystals are embayed 
by nepheline, and single crystals and aggregates display outlines resembling 
pieces in a jigsaw puzzle. The nepheline is less obviously interstitial and 
poikilitic plates are rare. The whole rock consists of an allotriomorphic 
aggregate of nepheline and pyroxene in which both minerals show mutual inter­
ference and embayment (fig. 2.36B). Less interference is shown, however, by 
adjacent crystals of the same mineral. This texture is referred to as "ijolitic".
This ijolitic texture is intermediate between that of melteigites and 
the texture shown by ijolites in which pyroxene is less abundant than nepheline
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where nepheline forms subhedra, rectangular in section, and pyroxene is 
disposed between the nepheline crystals. Parts of SUB 208 are typical of 
such an ijolite. It is fairly coarse-grained, the crystals of nepheline 
averaging 3 mm. in diameter with rather smaller pyroxenes. The nepheline 
is subhedral, having good rectangular or polygonal shapes but poor outlines 
in detail, for it has lobate boundaries against the pyroxene and is partly- 
replaced by zeolite and cancrinite (fig. 2.36c), Pyroxene forms some stout 
prisms, but often the crystals are rather more slender, lying between nepheline 
crystals, or forming irregular granules and aggregates at the junctions of 
several nepheline grains. Pyroxene is noticeably less idiomorphic than 
nepheline. For these rocks the term "paving texture" is suggested, referring 
to the manner in which a thin section of rock resembles crazy-paving with 
grass between the stones. Other examples, in which the nepheline approaches 
idiomorphism, are given by SUB 38 and 39 (figs. 2.37 A and B ) .  Whereas a 
melteigitic texture clearly indicates that nepheline crystallized later than 
pyroxene, in those rocks with "paving texture" it might be assumed that 
nepheline here crystallized first. This, however, does not appear to be the 
case, A closer examination of the "paving texture" shows that the pyroxene
I
only rarely encloses or surrounds the nepheline; often a group of two or 
three pyroxenes occurs between nepheline crystals, and the relationship^ is 
not comparable with the ophitic texture shown by pyroxene/plagioclase in some 
rocks. Furthermore, the outlines of nepheline crystals are often lobate and 
interlock with pyroxene at the edges. These observations, together with the 
fact that all gradations from melteigite, with obviously late nepheline, to 
leucocratic ijolite may be present within the few inches represented by one 
specimen (SUB 208 for example) lead to the conclusion that in almost all the 
ijolites pyroxene is the first formed mineral and nepheline crystallized 
later. In melteigite, nepheline seems to occupy interstices and might well
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represent the final stages of magmatic crystallization, although there is a 
strong possibility that some melteigites, with patchily zoned pyroxene, 
represent modified pyroxenites (see Napak, p. l64 ) • Judging from field 
evidence, ijolites appear to have developed from melteigite by a process of 
replacement as veins, porphyroblasts and diffuse patches. From the straight­
ness of some of the veins it is concluded that the melteigite was more or 
less wholly solid at the time when it became nephelinized.
The pyroxene was modified in composition, as well as replaced, in the 
change from melteigite to ijolite (fig, 2.38); extinction angles in the 
ijolites, rather variable but with many around c 39° (SUB 23B, 32, 208) 
are slightly smaller than those in the melteigites, and chemical analysis has 
shown that the ijolitic pyroxenes are richer in acmite (see p. 204).
Specimens of microijolite (e.g. SUB 236) from Galala Hill have a distinc­
tive texture unlike the surrounding ijolite; nepheline euhedra, 0.2 mm. in 
diameter, enclose acicular rods of aegirine and sphene at the centres (fig. 
236D). A similar texture is encountered in a feldspar-bearing rock (SUB 301) 
from Bundagala Hill. Such textures are found elsewhere in dyke-rocks, and 
it is concluded that the specimens represent mobilized ijolite.
In addition to nepheline and pyroxene, other minerals occur as accessories 
and replacements. Apatite is ubiquitous but varies in its abundance; it 
forms rounded granules, very rarely prisms, and often embays pyroxene. Sphene 
is also common, as colourless or pale brownish wedges often around pyroxene.
It is also concentrated alongside some of the ijolite veins and nepheline 
syenite dykelets. Iron-titanium oxides are present in small amount, and pods 
of anhedral pyrite have been noted in some specimens. Calcite occurs in most 
of the small ijolite masses, both as interstitial crystals and as patches 
corroding nepheline. The nepheline is often streaked with a zeolite of low 
birefringence, occasionally by turbid, biréfringent hydronepheline?, and by
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plates and polygonal aggregates of cancrinite. Cancrinite is particularly 
abundant near the margins of ijolite masses, where it accompanies or follows 
the development of potash feldspar (see below). Biotite is present in many 
of the ijolites; it is a red-brown variety, pleochroic to pale yellow, and 
occurs as small flakes in the pyroxene or larger oval plates with spongy 
texture, around pyroxene. Biotite seems to be particularly common in the 
main mass close to the Siroko; the rocks surrounding the xenoliths of 
"ultrafenite" are biotite-bearing, and biotite also occurs along later 
ijolitic veins.
Feldspathization in the ijolites
Many of the ijolitic rocks of Budeda are feldspar-bearing. The smaller 
masses tend to be more feldspathic than the main Budeda ijolite, but feld­
spar is developed particularly towards the margins of all the ijolites. 
Sometimes the feldspar forms conspicuous laths, for example on the summit 
of Budeda Hill, and on the saddle of Galala and Kiduwa where pods are also 
developed (fig. 2.39), or it may form as distinct veins of feldspar laths 
such as can be seen in the exposures in the Siroko bend south of the bridge. 
There is also a tendency for the ijolite gradually to assume the appearance 
of a light grey granular nepheline syenite by the incoming of feldspar, for 
example at the contact with fenite on Budeda summit, and in places on the 
summit of Galala Hill.
SUB 292, from near the summit of Budeda, is mainly ijolitic in appearance, 
but in thin section feldspar can be seen as interstitial, water-clear "pools" 
enclosing euhedral nepheline, with apatite and pyroxene (fig. 2.40)*. Outside 
the feldspathic patches, the nepheline is "ijolitic" and not euhedral. Only 
a few yards away, the habit of the feldspar changes and laths can be seen in
* Similar rocks occur in patches on the northern slopes of Budeda and on 
Bundagala Hill (SUB 300).
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handspecimen. At the contact with fenite on the summit of Budeda, the ijolite 
(SUB 293) becomes lighter grey and in thin section shows the development of 
stout laths of feldspar, 3 to 6 mm, long, which enclose some small, rectangular 
nepheline crystals. The development of laths of feldspar, however, often 
leaves only relics of nepheline (fig. 2.4l). Often, cancrinite is developed 
also; since much of the nepheline occurs interstitially to the transecting laths 
of feldspar, cancrinite replacing this nepheline also lies around the feldspar, 
often in large plates. In detail, however, cancrinite is seen also to corrode 
feldspar, and evidently crystallized later (fig. 2.42). It is concluded that 
the development of both cancrinite and feldspar is in some way associated, since 
the ijolite suffers extensive replacement by both minerals. Clearly it is the 
margins of the ijolite masses that are affected by this replacement, and the 
development of cancrinite-syenite from ijolite can be seen on the east side of 
Budeda summit, on the Galala-Kiduwa saddle and locally within the ijolite masses. 
The appearance of feldspar sporadically in ijolite is shown on the map by F, 
but larger masses of cancrinite-syenite have been given a separate symbol.
Interstitial calcite occurs, in varying amounts, in feldspathic ijolites 
from Galala, Bundagala, and the Disiyi exposures, and is also present in 
patches of cancrinite-bearing feldspathic ijolite on Budeda Hill near to the 
carbonatite; on the summit of Budeda Hill, however, calcite does not appear, 
although cancrinite is common. The two minerals are therefore not necessarily 
associated. Where calcite does occur, it is often seen to corrode cancrinite, 
and is presumably later. Pyroxene is sometimes corroded by calcite, and 
biotite seems to occur after pyroxene in these rocks (e.g. SUB 302).
(c) Cancrinite-bearing syenites
These rocks have already been introduced in the foregoing paragraphs, 
and from their manner of development it will be appreciated that the 
cancrinite-feldspar-nepheline rocks vary, often rather fortuitously,
J
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according to the proportions of these three mineralso The nomenclature 
of the various rock types may be illustrated as follows:
nephel ine
A
\
p y r o x e n e  
/ plus y
C A N C R I N I T E - N E P H E L I N E
S Y E N I T E S
fsld&par
C A N C R I N I T E  S Y E N I T E S
Cancrinite ijolites will not be described further; the replacement of nepheline 
by various zeolitic alteration products and cancrinite has already been 
mentioned.
Most of the feldspar-bearing masses at Budeda fall into the general 
category cancrinite-nepheline syenites, although by the total elimination of 
nepheline these become "cancrinite syenite".
(i) Cancrinite-nepheline syenites, The largest masses occur on the 
east side of Budeda Hill close to the Disiyi river where it joins the Siroko, 
and on the southern and eastern sides of the summit of Budeda. These masses 
each extend for some ^0 yards. That close to the river displays the sharp 
contact with spotted fenites referred to on p. 23 ; the other mass shows the 
gradation into ijolite which has been described above. Other small exposures
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occur at the edge of ijolite masses on the south side of Bundagala Hill, and 
in the south bank of the Siroko south of the bridge. These outcrops provide 
the evidence that cancrinite-bearing syenites are mostly phases marginal to 
ijolite. Upstream along the Disiyi, small masses of cancrinite-nepheline syenite 
cut the syenitic fenites, the largest outcrops being on a small island where 
a stream joins the Disiyi. Patches of fenite are enclosed by the cancrinite- 
bearing rock, some of them spotted with mantled feldspars, and some dark- 
coloured, recognisable in thin section as extensively nephelinized fenites 
(SUB 266). The cancrinite-nepheline syenite here is a medium-grained, light 
grey rock in which laths of feldspar are conspicuous, with diffuse patches 
of more granular texture. Numerous pegmatite veinlets consisting of feldspar 
and aegirine traverse the rock, and a later dyke, 10 feet wide, of "cancrinite 
syenite" without nepheline occurs here.
The extent of the mass of ijolite near the Disiyi, which is shown on the 
map, is largely inferred by the presence of the cancrinite-bearing rocks; 
actual outcrops of ijolite are restricted to exposures by a small waterfall 
dovmstream from the island. Petrographically the cancrinite-nepheline syenites 
resemble the modified ijolitic rocks described from Budeda summit. In the 
larger masses, however, the poikilitic feldspar (cf. SUB 292) is seldom seen, 
since more extensive feldspathization has led to the development of stout laths. 
The feldspar is orthoclase, often slightly perthitic, and twinned. It en­
closes a small amount of nepheline, which is nearly euhedral. Between the 
laths of feldspar, interstices are occupied by cancrinite which ranges in 
habit from aggregates of polygonal grains to large plates (fig. 2.43).
Nepheline relics occur in the cancrinite (fig. 2.44). Pyroxene is less 
abundant than in most ijolites, and is evidently recrystallized for it tends 
to have an acicular habit and is more acmitic than in ijolites. Zoned crys­
tals, however, also occur.
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Near the contact with fenites, the mass on the lower eastern slopes of 
Budeda Hill is not rich in cancrinite, and the appearance and composition 
compare with those of a foyaite; SUB 263 consists of rectangular feldspar 
around 2 ram. long, with occasional laths up to 6 mm., partly enclosing nephe­
line at the margins. The nepheline forms smaller, equant grains with irre­
gular outlines, replaced by a sparse network of cancrinite. Pyroxene is 
acicular, but ragged in outline, and sweeps round the laths of feldspar; it 
is aegirine-rich, with c 13 .^ A small amount of biotite is present, and 
accessory sphene; and apatite. Other parts of the same mass contain abundant 
cancrinite and very little nepheline, with small amounts of reddish brown 
anliedral melanite, a mineral not recorded elsewhere at Budeda.
The mass higher on Budeda Hill shows even more variability in texture.
Parts are grey and equigranular, but most of the rock contains needle-like 
laths of feldspar in a close felted mesh. Near the edge of the mass, to the 
north, the fine grained rock consists of laths of slightly perthitic feld­
spar about 1 mm, long, and acicular pyroxene in a matrix of pale, brownish 
analcite. This rock contains xenolithic patches of coarser grained, more 
granular feldspathic material. In parts the mass develops a striking pegmatitic 
structure, though not very coarse-grained. A banding is produced by the 
development of layers of acicular pyroxene, oriented perpendicular to the 
banding, sometimes with feldspar laths, with intervening layers having a 
random arrangement of finer grained laths (fig. 2.4-5). Pink cancrinite is 
visible in handspecimen. The rock is of interest on account of the idio­
morphic habit of the cancrinite; the bladed prisms occur singly and in sheaves, 
and are characterised by a close prismatic cleavage and an additional basal 
parting along which some alteration to isotropic analcite has occurred.
Whereas in almost all the other cancrinite-bearing rocks of Budeda the can­
crinite is obviously replacing nepheline, here its habit is so different from
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nepheline that it cannot be a pseudomorph of it, and must be assumed to be 
primary (fig. 2.46), A few rectangular crystals of nepheline are enclosed 
in the feldspar, but they are not abundant. The feldspar laths, 3 to 3 mm. 
long, form a complex mesh, enclosing prismatic cancrinite and zoned euhedra 
of pyroxene. Some cancrinite occurs as aggregates in interstices, and is 
accompanied by calcite which corrodes it. Apatite and biotite are also present.
This variety of cancrinite syenite is encountered only in the two largest 
masses on Budeda Hill, It is the only type which can be called cancrinite 
syenite in the sense of the original definition: "a rock of the nepheline 
syenite family which contains primary cancrinite as an essential constituent" 
(Johannsen, 1938, iv p.108). The original rock so defined was an aegirine- 
bearing type and was named by Brogger "sarnaite" after the Swedish locality 
where it occurs. The Budeda examples seem to correspond closely with this 
rock. Davies collected specimens from the Budeda area, and one of the 
cancrinite-bearing rocks which was analysed was referred to as sarnaite; he 
later had doubts, presumably about the primary nature of the cancrinite, 
after having examined other specimens in which the cancrinite replaces 
nepheline (1936, p.30). It now seems clear, however, that both sarnaite and 
cancrinite-nepheline syenite occur at Budeda.
Whereas most of the cancrinite-bearing rocks belong to the group of 
alkaline intrusives, the replacement of nepheline by cancrinite in the 
fenites produces, incidentally, rocks of "cancrinite syenite" composition; 
these rocks have been described elsewhere (p. l6 ). A cancrinite-nepheline 
syenite of uncertain origin, occurring on the north bank of the Siroko 
near the wooden footbridge, will, however, be described here. The rock is 
light grey, and is mostly coarse-textured and granular, but grades into patches 
with lath-textured feldspar. Locally it displays a reticulate structure 
formed by a network of pyroxene, and resembles a fenite. It is cut by dark
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coloured cancrinite syenite dykes and both rocks are traversed by veinlets 
of pegmatitic feldspar. In thin section the coarse-grained syenite is seen 
to consist of cloudy perthite, generally granular, with a few laths, and 
interstitial small grains of nepheline partly replaced by cancrinite, together 
v/ith stout prisms of aegirine augite and fringing biotite (SUB 98). Upstream, 
on the opposite bank of the Siroko just above the Disiyi junction, is an ex­
posure showing rather similar relationships. A medium-to coarse-grained 
syenite, streaked with vague pyroxene-rich schlieren, consists of cloudy 
perthite with albite fringes, stout pyroxene prisms, and a small amount of 
interstitial cancrinite but no nepheline (SUB 3l6c). These rocks may 
represent original fenites, or possibly a variety of cancrinite-bearing 
syenite not otherwise seen at Budeda.
(ii) "Cancrinite syenite". In view of the cited definition this term 
is used with caution, although it seems the best one to designate the rocks 
in which no nepheline is present. Often, these rocks are sporadic variants 
of the cancrinite-nepheline syenites in which all the nepheline has been re­
placed by cancrinite (e.g. SUB 64 from the mass on the lower eastern slopes of 
Budeda). On the north-western ridge of Galala Hill, however, occurs a medium- 
grained leucocratic "cancrinite syenite" (SUB 226) consisting of feldspar 
corroded by calcite and cancrinite, with sparse crystals of zoned aegirine 
augite and accessory apatite and sphene. Although nepheline is absent, the 
general resemblance of this rock to types developing from ijolite, and the 
proximity of ijolite exposures on Galala ridge, leave little doubt as to the 
origin of the rock.
Minor intrusions of cancrinite-bearing rocks
These rocks are described here because in their textural variety they 
add to the picture of the cancrinit e-bearing rocks so far presented.
The most coarse-grained is the dyke, 10 feet wide, that cuts cancrinite-
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bearing syenites on the island in the Disiyi (fig, 2.47). It is cut by fewer 
feldspar pegmatites than is the adjacent cancrinite syenite, which suggests 
that some time elapsed between the emplacement of the cancrinite syenite mass 
and the emplacement of the dyke. The dyke is a nepheline-free "cancrinite 
syenite", and consists of laths of potash feldspar, 3 mm. or more in length, 
which are randomly oriented. Many of the feldspars are distorted, and locally 
recrystallized into perthite and into granular aggregates. Pyroxene is not 
abundant, and is accompanied by biotite. These minerals are set in a back­
ground of plates of cancrinite streaked with zeolite, and a little calcite
(fig. 2.48).
Smaller intrusions of similar texture cut the banded syenitic fenites 
in places along the Disiyi. They appear to wedge out after short distances. 
Sometimes the feldspar laths, up to 1 cm. or so in length, show parallel 
alignment. In SUB 262, a little nepheline is present, forming euhedra enclosed 
in feldspar, and corroded relics enclosed in cancrinite (fig. 2.49).
Sequences observed among the cancrinite syenite intrusions are not always 
comparable. The large dyke in the Disiyi is nepheline-free, and cuts nepheline- 
bearing cancrinite syenites. At the north-western end of the Galala ridge, 
however, a nepheline-free cancrinite syenite is cut by a cancrinite micro- 
ijolite containing a little feldspar. In the latter (SUB 226) abundant can­
crinite forms a mosaic of small crystals (0.2 mm.) and subordinate nepheline 
is patchily distributed. Although not euhedral in outline, the nepheline 
contains regularly concentric zones of acicular pyroxene (of. microijolite). 
Feldspar occupies the interstices of this rock, poikilitic crystals enclosing 
small nephelines of rather corroded appearance. Prisms of aegirine augite, 
irregular in outline, are strongly zoned and show alignment, Sphene and 
apatite are accessory.
In the Siroko exposure upstream from the Disiyi confluence, the
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perthitic, cancrinite-bearing fenite (?) (SUB 3l6C) is cut first by a leuco­
cratic cancrinite syenite" (316B) and later by darker, fine-grained cancrinite- 
nepheline microsyenite (316A), SUB 316B contains larger laths of rather 
cloudy feldspar in an intergrowth of smaller feldspar grains and cancrinite.
The later rock is characterised by nepheline of equant habit, often enclosed 
in feldspar, both of which contain inclusions of acicular pyroxene; cancrinite 
replaces nepheline, and occasionally feldspar, and much of it is interstitial.
Downstream from this locality, on the opposite bank, the dark-coloured 
dykes which cut cancrinite-bearing fenite (?) marginally have the texture of 
crush-rocks. Laths of potash feldspar, slightly flecked with perthite, are 
rounded, conspicuously aligned, and set in a granular groundmass, of varying 
grainsize, in which albite is recognisable, along with cancrinite. The pro­
portion of large crystals to groundmass varies in bands across the rock. 
Granulation has occurred along channels across the large crystals, and the 
rock in general shows a mortar-texture. Pyroxene consists partly of broken 
crystals, and small ragged grains in the matrix. Sphene is altered, and 
accessory apatite also occurs. The host rock shows some granulation adjacent 
to the dykes, and albite is conspicuous along the channels between perthite 
crystals (SUB 99)«
Cataclastic textures are also seen in a small coarser grained dyke 
cutting the fenites by a small waterfall in the Disiyi. Potash feldspar 
anhedra are traversed and surrounded by channels of recrystallized perthite, 
and the matrix contains much cancrinite, sometimes in large crystals, and 
fine-grained carbonate (SUB 237)*
Cutting the ijolites on the south side of Galala is a small dyke, a foot 
or so wide, of cancrinite microsyenite, with abundant feldspar as small laths 
(< 1mm.) aligned by flow. In thin section, the feldspar is seen to be clear 
and twinned, the margins of crystals being rather indistinct, and enclosing
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acicular pyroxene. Pods of fairly coarse grained cancrinite are elongate 
parallel with the flow, but the individual crystals show no alignment.
Pyroxene occurs in two generations: microphenocrysts (0,8 mm.) which are 
zoned, and small prisms. Fine-grained carbonate is patchily associated with 
cancrinite.
The latest intrusions in the river exposures are fairly dark grey, fine 
grained cancrinite phonolites. Sometimes angular xenoliths of the adjacent 
rock are enclosed (fig. 2.50) and small tongues project from the dyke, but 
no appreciable chilling is observed at the contact. Laths of potash feldspar, 
as in many of these intrusions, have a trachytoid arrangement; in SUB 26l some 
of the crystals are partly replaced by albite. All these rocks contain 
elongate prisms of primary cancrinite, between and projecting into the feld­
spars, but granular aggregates also occur. In SUB 269 such aggregates are 
seen to form pseudomorphs after nepheline, some crystals of the original 
mineral remaining (fig. 2.5l). The cancrinite in these rocks is partly re­
placed by a cloudy, isotropic zeolite (analcite?) but the original prisms can 
be recognised by their habit, prismatic cleavage and transverse parting. 
Acicular aegirine is present in these rocks. A small amount of calcite 
occurs in the groundmass (SUB 26l).
Feldspathization in the cancrinit e-bearing syenites
On the small island in the Disiyi the cancrinite syenites are seen to be 
variably feldspathized. The cancrinite syenite itself shows a variable tex­
ture, being in part light grey and of granular texture, surrounded by rock of 
similar composition but containing feldspar with more lathed habit. Patches 
within the granular rock are spotted with feldspar. Across these variable 
rocks are diffuse veins and patches of feldspar, and these are followed by a 
series of more well defined veins of feldspar and pyroxene, an inch or so 
wide; some of these have pyroxene arranged perpendicular to the vein margin.
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and others are uniformly mottled (fig. 2.^ 2). The dyke of cancrinite syenite 
which runs across these exposures contains fragments (possibly xenoliths) of 
feldspathic material, but the dyke itself is cut by a late diffuse feldspathic 
vein. The only vein sectioned from these rocks (SUB 266) consists of albite, 
speckled with a few inclusions but not noticeably perthitic, in which the 
twinning is uneven, of "chequer-board'' type, associated with crystals of 
calcite.
(d) Nepheline syenite
A fairly large mass, of probable dyke-form, which outcrops on the north 
bank of the Siroko north of the bridge is dark grey and appears to be fine 
grained, with small euhedra of nepheline. Feldspar is abundant, forming 
crystals up to 2 cm. long, but these are not always visible on the weathered 
surface; a freshly broken surface, however, reveals the glistening feldspar 
which is dark with inclusions. The dyke is fine grained to the west, and the 
marginal 20 feet or so show a platy jointing which slopes to the south-west.
In thin section the feldspar (a sanidine with very small 2V) is clear and 
poikilitic, although roughly lath shaped, and twinned. It encloses euhedra 
of nepheline (fig. 2.53), a texture strongly resembling some feldspathic 
patches in the ijolites (cf, SUB 292, fig. 2.40). Parts of the rock indeed 
resemble ijolite, with subhedral, equant nepheline surrounded by pyroxene 
(cf. "paving texture", p. 26 ) but the pyroxene is acicular, unlike that in 
ijolite. Here there seems no doubt that nepheline crystallized before the 
pyroxene, but feldspar was the last mineral to form. Patches of the rock 
contain plates of calcite, locally some granular cancrinite, and very occasional 
wollastonite intergrown with pectolite. Locally flakes of red-brown biotite 
occur. Apatite is present as aggregates, and very small colourless prisms 
with oblique extinction, high relief and birefringence, have not been iden­
tified. Small tongues of this type of rock can be seen cutting the ijolite
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on the opposite (south) bank of the river, and narrow dykelets, a few cm#
gur\Ji plckhe. leu
wide, cut the ijolite south of the bridge (fig. 2.54^ . One of the dykes here 
is complex, with a coarse grained border, and vein of apatite, pyroxene and 
magnetite with a small amount of zeolite and biotite (SUB 15a). Part of the 
rock is a fine grained ijolite (SUB I7) but most is nepheline syenite with 
laths of potash feldspar and equant grains of nepheline interstitially, to­
gether with ragged prisms of pyroxene. Veinlets of calcite occur, and also 
veins, 1 cm. or so wide, of nepheline and cancrinite. A nepheline syenite 
dyke occurs in the feldspathic ijolites of Bundagala Hill, This one does not 
contain poikilitic feldspar, but consists of subhedral rectangular nepheline 
between which small twinned laths of feldspar are randomly oriented, along 
with prisms of pyroxene (SUB 501).
F eldspat hizat ion occurred after the emplacement of these dykes. The 
mass in the river bank north of the bridge ie netveined by feldspar (fig. 2.55), 
the veins consisting of fine grained granular potash feldspar with a few 
coarser patches. The feldspathic rock has been broken up by later brecciation 
which is marked by limonite veinlets with some calcite. A nepheline syenite 
in the Disiyi is cut by small pegmatite veins which consist of euhedral, 
twinned potash feldspar, zoned pyroxene much flecked with biotite, and inter­
stitial cancrinite surrounding relics of nepheline (SUB 205).
(e) Carbonatite
At two localities on the northern slopes of Budeda Hill, and at the 
margins of some of the smaller masses of ijolite, carbonatitic rocks are 
developed. The largest mass, on the north side of Budeda, is some 40 feet 
across. No intrusive junction can be seen in the field and there appears 
to be a transition from ijolite with increasing amount of calcite to what is 
essentially a banded carbonatite with a pronounced vertical pattern of 
schlieren of pyroxene crystals giving a banded appearance (fig. 2.56).
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SUB 252 is ijolitic, medium grained, but contains a moderate amount of calcite.
A vague streaking is imparted by the development of calcite rich pods, in
which pyroxene is rather coarser grained. In thin section, nepheline is 
corroded by calcite which forms an interstitial mosaic of anhedral grains, 
but cancrinite is only sporadically developed.
Pyroxene is also embayed by calcite but is not replaced to the same 
extent as nepheline, and occasional crystals are quite well formed, if 
minutely irregular in outline. Apatite granules and sphene are common, and 
pyrite surrounds pyroxene in places. Some of the rocks in this area are 
melteigites rather than ijolites. SUB 45 contains interstitial turbid and 
brownstained material after nepheline; a good deal of calcite is also 
present in this rock, forming a mosaic between the pyroxene grains, and 
pyroxene is not appreciably reduced in amount (fig. 2.5?). Also in this rock, 
and in certain other specimens from this locality, are small grains and larger
poikilitic plates of clear feldspar, which enclose pyroxene*
In other specimens, calcite becomes abundant and produces banded rocks 
with schlieren of pyroxene. In these rocks very little remains of any 
original nepheline in the dark bands; occasional corroded crystals are present 
in SUB 255, and SUB 49 where they enclose minute cubes of iron ore. The 
grainsize of the calcite varies, with some finely granular zones, some coarse 
grained patches, and some wherein large 2 mm. crystals (oval and with a hint 
of alignment) are surrounded by smaller calcite grains. In the areas of cal­
cite, sparse pyroxene prisms are often rather slender, irregular in outline, 
and aligned (fig. 2.58); apatite is abundant and forms rather rounded prisms 
which also show parallel alignment.
Although the pyroxene-apatite carbonate differs greatly in appearance 
from the ijolitic rocks, nevertheless there appears to be a transition be­
tween these rock-types. The relationship seems to be one of replacement.
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the calcite eliminating first nepheline and then to a certain extent pyroxene. 
The pyroxene shows very little change with the incoming of calcite, as far 
as can be judged by its optical properties. Zoning is not seen in the pyro­
xene of the carbonatites, and it is assumed that a certain amount of homo­
genization has taken place, but otherwise the composition of the pyroxene 
apparently is little affected. This contrasts with the evidence from Tororo, 
where the pyroxene becomes more acmitic (see later, p. 83 ).
A smaller area of carbonatite occurs higher on Budeda Hill, which may 
however be continuous with the main one. Here the carbonate forms along 
sweeping channels around masses of coarse grained ijolite. Similar develop­
ments of carbonatite occur at the edge of the ijolite-cancrinite syenite 
mass on the eastern side near the summit of Budeda Hill, and on the southern 
side of Galala. Roundish masses of silicate rock are surrounded by calcite, 
and it is not possible to decide whether the carbonatite here is intrusive 
into a brecciated rock, or whether the relationship again is one of replace­
ment (fig. 2.39)* Pods of calcite, which evidently formed by replacement, 
are present in the adjacent ijolites.
4. Chemical compositions of the Budeda rocks
Chemical analyses of some of the rocks are given in tables IA and IIA, 
normative minerals in tables IB and IIB, and modal percentages in tables 
IC and lie. In view of the narrow range of variation of silica percentages 
in most of the rocks, it is not useful to plot oxides on a variation diagram 
based on SiO^ percentages. For the purposes of comparing different groups 
of rocks, and tracing metasomatic changes, the oxides are plotted against 
the percentage of dark minerals in the norm (figs. 2.60 - 2.62), (Calcite 
is included with the light minerals, since CO^ is present in cancrinite, and 
since both cancrinite and calcite often occur in place of light minerals.)
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Table lA. Chemical analyses of Budeda rocks
1 2 3 4 3 6 7 8 9
SiOg 71.43 64.79 33.83 61.39 39.36 36.71 49.47 43.10 43.68
TiO^ 0.09 0.43 0.98 0.47 o.4i 0.68 1.00 0.83 0.64
AlRO^ 13.06 17.78 12.90 13.34 13.30 16.30 13.26 6.46 3.33
Fe203 2.13 2.05 4.42 2.23 2.43 2.36 3.03 6.76 6.71
FeO 0.11 0.88 "3.79 2.03 2.24 3.03 4.71 8.82 9.30
MnO 0.09 0.09 0.19 0.13 0.09 0.19 0.33 0.36 0.41
MgO 0.64 0.40 1.82 2.11 1.00 1.64 2.47 7.19 6.89
CaO 0.37 2.21 7.47 4.33 4.43 3.38 8.61 16.80 20.28
Na^O 3.03 8.42 4.48 6.17 3.39 7.71 8.39 3.63 2.86
K^O 7.66 3.19 4.38 4.67 9.17 4.03 3.29 0.66 0.10
^2^3 0.06 0.19 1.11 0.23 0.23 0.34 0.37 0.33 2.10
0.44 0.33 0.92 'O.92 0.33 1.00 0.78 0.73 0.46
H^O-
00^
■ ■ ■
0.30 0.68 1.30 0.11
99.15 100.76 97.32 100.22 100.31 99.89 100.80 99.01 99.07
1. Slightly fenitized potassic granite SUB 2?5, Disiyi River.
2. Syenitic fenite SUB 223, spur NW Galala Hill. 3» Syenitic fenite
SUE 218, N side summit Budeda Hill. 4. Syenitic fenite with nephe­
line SUB 221, NW summit Budeda Hill. 3. Potassium-syenitic fenite 
with nepheline SUB 242, saddle S Galala Hill. 6. Syenitic fenite with 
nepheline SUB 279, E slope Budeda Hill. 7. Ijolitic "ultrafenite" 
xenolith SUB 266, Disiyi River. 8. Melteigite SUB 13, Siroko S of
Bridge. 9. Melteigite SUB 27, Siroko S of Bridge.
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Table IB. C.I.P.W. Norms of the Budeda analyses
1 2 3 4 3 6 7 8 9
q 23.62 0.74 1.10
or 43.37 18.84 26.02 27.63 34.32 24.18 19.40 3.67 0.36
ab 24.10 70.94 37.89 31.87 21.32 33.78 7.39 9.90 6.02
an 1.33 0.91 4.03
ne 0.11 4.39 13.68 28.30 10.84 3.62
ac 1.39 0.13 3.33 10.72 0.73 6.60
CaSiO 
di MgSiO^
FeSiO^
0.41
0.36
1.16
1.00
7.03
4.33
2.01
7.28
3.26
1.36
4.27
2.30
1.36
8.13
4.10
3.86
12.77
6.17
6.39
29.67
17.97
10.04
31.79
17.22
13.33
wo 2.40 3.63 0.77 2.71 0.73 1.90 0.84 4.77
1.24
mt 0.27 1.92 6.42 3.23 3.34 1.39 1.92 9.31 6.43
hm 1.43 0.73
il 0.13 0.80 1.91 0.86 0.77 1.33 1.98 1.39 1.34
ap 0.20 0.34 2.69 0.33 0.30 1.34 1.34 0.77 3.04
cc 0.70 1.36 3.00 0.20
Table IC. Modal compositions of the Budeda Rocks
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vol % 1 2  3 4 3 6 7 8 9
Quartz 40.5
K feldspar 33.3^ 26.5^ 46.3^ 5.7" 33.4 19.0^ 3.3
Albite 23.4 48.4^ 19.3^ 36.2^ 1.9 31.3^ 3.6
Oligoclase 2.5
Nepheline 0.4 10.6 8.3 13.3 13.3 13.4 10,2
Cancrinite 1.9 3.8
Zeolite 4.8 3.4 21.0 0,1
Calcite 0.8 4.0 0.1
Pyroxene 2.8 22.0 23.1 26.3 30.3 11.6 39.2 83.7 83.3
Biotite 0.3 3.3 0.8 0.6
Sphene 3.0 0.6 0.3 1.3 1.7 0.4 0.1
Apatite 0.6 3.2 0.3 1.1 1.1 0.3 0.8 3.6
Ores 0.3 0.4 0.6
1 including perthite
2 antiperthite
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Table IIA. Chemical analyses of Budeda rocks (continued)
10 11 12 13 14 15 16 17 18
SiO^ 45.49 47.71 45.38 48.18 47.70 50.25 52.57 49.55 53.93
TiO^ 0,41 0.72 0.40 0.60 0.49 0.62 0.60 0.42 0.32
AI2O3 11.99 17.35 17.57 17.24 13.65 19.50 16.44 16.80 18.27
^*203 7.08 4.91 5.41 2.84 3.27 2.42 3.91 4.30 1.54
FeO 6.46 4.73 4.49 3.16 3.10 2,51 1.83 2.92 2.15
MnO 0.35 0.19 0.24 0.16 0.25 0.20 0.19 0.46 0.11
MgO 3.82 1.85 2.90 1.34 0.43 0.41 0.75 0.17 1.08
CaO 12.32 7.54 7.96 8.26 11.23 5.67 6.72 6.39 5.15
Na^O 5.45 8.18 7.25 6.91 4.93 6.90 6.29 8.91 7.94
K^O 1.35 4.44 3.15 5.64 6.04 6.50 5.55 4.96 5.66
0.16 0.43 0.08 0.49 0.55 0.32 0.17 0.35 0.26
H^0+ 2.94 0.92 3.16 2.14 1.58 2.87 4.58 1.83 0.72
HgO-
CO2 1.01 0.42 1.05 2.71 5.20 1.86 0.26 3.43 1.96
98.83 99.39 97.99 99.65 98.42 100.23 99.86 100.49 99.09
10. Ijolite SUB 7À, Siroko, S of Bridge. 11. Ijolite with feldspar 
SUB 302, Bundagala Hill. 12. Ijolite with feldspar SUB 232, summit 
Galala Hill. 13. Cancrinite-nepheline syenite SUB 247, saddle S 
Galala Hill. l4. Cancrinite-nepheline syenite dyke SUB 262, Disiyi 
River. 13. Cancrinite-nepheline syenite dyke SUB 263, Disiyi island, 
l6. Sarnaite SUB 282, E slope Budeda Hill. 17. Cancrinite 
phonolite dyke SUB 269, Disiyi. l8. Cancrinite-nepheline syenite 
SUB 311, Siroko N bank S of Bridge.
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Table IIB. C.I.P.W. norms
10 11 12 13 14 15 16 17 18
or 8.06 26.35 18.62 35.58 35.80 38.36 33.08 28.80 33.69
ab 18.92 6.34 11.37 8.48 15.04 14.77 24.67 9.64 22.13
an 4,28 6.17 3.06 0.03
ne 14.74 31.52 27.06 26.35 11.44 23.51 15.28 26.70 21.52
ac 4.02 1.01 4.85 26.47 4.34
ns 0.57 0.03
CaSiO 
di MgSiO^ 
FeSiO^
16.36
9.55
6.01
9.64
4.62
4.86
10.85
6.81
3.36
8.60
4.28
4.14
4.95
0.08
4.58
2.88
1.02
1.94
2.16
1.87
3.30
0.24
3.44
4.99
2.15
2.83
wo 4.36 3.75 3.23 1.93 10.59
-
0.61
0.34
0.11
0.12
0.16
2.07
0.77
1.07
mt 10.21 5.17 7.89 3.66 2.36 3.52 4.66
hra 0.64
il 0.77 1.40 0.76 1.22 0.89 1.25 1.22 0.79 0.64
ap 0.34 1.10 0.27 1.30 1.24 0.73 0.34 0.84 0.53
cc 2.32 0.94 2.40 6.13 11.80 4.22 0.62 7.79 4.42
Table IIC. Modal compositions
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vol % 10 11 12 13 14 13 16 17 18
K feldspar 0.2 18.3 11.1 17.3 60,6 41.1 41.1^ 23.3 43.3
Albite 0.1 2.0 10.4
Nepheline 41.0^ 46.6 32.0 12.3 1.2 2.7 0.2 4.1 17.1
Cancrinite 2.2 3.1 37.8 10.2 30.0 11.4 24.2 8.1
Zeolite 14.9 3.9 9.3 3.8 21.1 2.2
Calcite 3.8 0.7 0.2 3.1 3.3 3.2 4.7 1.1 0.1
Pyroxene 32.2 29.3 13.8 17.8 14.7 14.1 18.8 42.1 17.3
Biotite 0.8 0.3 0.8 2.0 1.2 0.2 0.4
Sphene 0.2 1.0 0.2 1.1 1.2 0.4 0.3 0.6
Apatite 1.8 1.3 0.6 0.4 0.4 0.2 0.3 0.3
Ores 0.2 0.2
1 including perthite
2 antiperthite
3 including alteration products
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This method of representation of course closely reflects the mineralogy; 
thus decreases fairly uniformly as the content of dark minerals in­
creases and, conversely, iron oxides, MgO, MnO and TiO^ rise in proportion 
to the amount of normative mafic minerals. Nevertheless, figs. 2.60 to 2.62 
show that the two recognised series of rocks can be distinguished by their 
slightly divergent chemical trends: a) the fenites and b) the group of in­
trusive rocks.
(a) Chemistry of the fenites
It should be noted that the fenites do not form a simple series; although 
there is a range of normative mafics represented between granite at one end 
and "ultrafenite" at the other, the rocks are not considered to form a 
sequence of progressive fenitization in the order in which they appear in 
fig 3. 2.6c to 2.62. The course of fenitization is more complex than can be 
depicted in this way, comprising, as it does, the different processes: 
development of alkali feldspar, development of dark minerals., and development 
of nepheline, each of which shows more or less independence of the other two.
Fig. 2.63 illustrates, for example, the way in which the proportion of nepheline 
is independent of the amount of dark minerals. The Al^O^ variation (fig. 2,60) 
reflects the amount of nepheline; although generally decreasing as dark 
minerals increase, the presence of nepheline in place of feldspar (particularly 
in the ultrafenite SUB 266) affects the slope of the curve. Iron oxides and 
MgO rise less steeply in the fenites than in the intrusive rocks, indicating 
that the dark minerals developed in the fenites (pyroxene chiefly) contain 
less of these oxides than do those of the intrusive rocks. MnO, and especially 
TiO^ , rise more steeply in the fenites than they do in the intrusive rocks, 
with the increase in dark minerals (fig. 2.6l). TiO^ may be present in the 
pyroxene, but chiefly occurs independently in sphene.
The fenites show wide variation in their content of Na^O and K^O (fig. 2.62).
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Clearly no single factor is responsible for this variation, which is evidently 
due to the superposition of more than one process involving migration of 
alkalis. Soda does not necessarily decrease with increasing dark minerals 
(partly because it can enter into these minerals, and partly because it is 
contained in nepheline); potash, on the other hand, does fall, since 
nepheline, and particularly the dark minerals, can contain potash only in 
limited amount.
(b) Chemistry of the intrusive rocks
This group of rocks falls petrographically into two series: (i) 
melteigite - ijolite - urtite and (ii) ijolite - feldspathic ijolite - 
cancrinite syenite. Figs. 2.60 to 2.62 show, however, that the two series 
can be considered together, the chemical trends continuing from one to the 
other. Al^O^ decreases uniformly from the leucocratic cancrinite syenites 
to the rocks of melteigite composition. The iron oxides curve, however, shows 
a change in slope, rising more steeply between cancrinite syenite and ijolite 
than between ijolite and melteigite. From field and pétrographie evidence, 
the sequence of metasomatic alteration took place from melteigite to ijolite 
(by nephelinization) and from ijolite to cancrinite syenite (by feldspathi- 
zation followed by carbonation). The curve for iron oxides indicates that 
during nephelinization of melteigite the percentage of these oxides was not 
greatly reduced, i.e. the dark minerals (pyroxene), though reduced in amount, 
became relatively richer in iron oxides (hedenbergite/acmite)*. From ijolite 
to cancrinite syenite, the percentage of these oxides falls more rapidly.
The curve for MgO is somewhat similar, showing no initial decrease although 
pyroxene is reduced in amount by some 13 per cent, but then MgO gradually 
falls uniformly towards the leucocratic cancrinite syenites. MnO again is
* This conclusion is borne out by the actual compositions of analysed 
pyroxenes (p. 204 )
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not appreciably reduced during the nephelinization of melteigite, but drops 
more rapidly as cancrinite syenites are developed; some of the dyke-rocks are 
abnormally high in MnO. TiO^ shows remarkably little decrease in the intrusive 
series over about ?0 per cent reduction in the amount of dark minerals. This 
suggests that sphene is uniformly distributed through these rocks; it is un­
likely that the pyroxene of the cancrinite syenites (a fairly acmitic type) 
is titaniferous.
The alkali curves for the intrusive series reflect quite closely the 
mineralogy. Soda rises uniformly from melteigite to ijolite, and falls where 
cancrinite syenites, rich in potash feldspar, are developed. Potash rises 
only slowly with nephelinization, but more steeply during feldspathization.
Among the intrusive rocks, the sequence of alkali metasomatism appears 
to follow a more simple pattern than is seen in the fenites. Fig. 2.64 
illustrates these trends. The cancrinite syenites are related to the melteigite- 
ijolite group by an increase in potash feldspar. In the fenites, several 
trends can be seen; firstly the granite is converted to syenite (perhaps 
K-granite leading to K-syenitic fenite and Na-granite, not analysed, to Na- 
syenitic fenite). The syenitic fenites lie along the albite-orthoclase join; 
there is a possibility that some of the rather more potash-rich syenites 
develop by recrystallization (and K metasomatism) of earlier more so die 
fenites, for the most sodic syenite analysed is very fine grained, and the 
intermediate ones are more coarse grained, the end-member perhaps being a 
coarse textured perthosite, unfortunately not analysed. The more extreme 
potash types may be derived in part from a potassic lens in the Basement, and 
in part by metasomatism. From syenitic fenite the trend is towards nepheline- 
bearing fenite and eventually "ultrafenite", with a marked increase in soda.
Since the fenites in particular, but also the cancrinite syenites, show 
extreme variation in alkali content, the values for available analyses have
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been plotted according to the geographical location of the samples. For 
this treatment, the data at present available are not adequate, but figs. 
2.63 and 2.66 suggest that there may in fact be a pattern of alkali dis­
tribution on a regional scale over the complex. There appears to be an 
increase in both alkalis towards the periphery of the complex, and locally 
one alkali is increased at the expense of the other. Until more data are 
available, however, it is not possible to draw any meaningful conclusions.
3• Summary of the sequence of events at Budeda
A. The country rock
(i) Fenitization. The earliest phase of fenitization is the mechani­
cal breakdown of the country rock, along a network of minute channels. In 
the central zone, over the wide area now occupied by syenites, the mechani­
cal effects were more intense and actual crush-textures were produced. 
Despite subsequent recrystallization, the texture produced by this crushing 
can be seen in many of the syenites; a parallel structure is picked out by 
the later minerals, and indicates a directional stress during crushing in 
this zone which is not characteristic of the outer (granite) zone. In many 
syenites the early texture is seen to consist of oval crystals (they may 
have been feldspar or quartz) around which the incoming dark minerals 
developed; fine-grained bands with dispersed pyroxene between these ovals 
probably represent the fine-grained crush zones between fragments.
Metasomatism took place along the channels, with the development of 
both alkali feldspar and sodic dark minerals. In the granite the pyroxene 
is acicular aegirine, and is accompanied by blue-green sodic amphibole of 
eckermannite type, but in the syenites the pyroxene is a granular aegirine- 
augite. The temperatures at which the fenites developed were probably
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higher in the syenite zone than in the outer granite zone, judging from the 
compositions of the pyroxene in each zone and from the presence of perthitic 
(i.e. unmixed, once homogeneous) feldspars in the syenites.
After the incoming of dark minerals, much of the syenites recrystallized 
so that original oval crystals, rimmed by pyroxene, were replaced by fine­
grained feldspar.
Locally (at the eastern foot of Budeda particularly) the syenites 
developed amphibole and biotite after pyroxene. Nepheline also formed 
sporadically.
(ii) Feldspathization. The grain-size of the syenites gradually 
coarsened; feldspar developed as porphyroblasts, coarse-grained pods, and 
streaks parallel with the earlier foliation. The coarse-textured pertho- 
sites (e.g. SUB 270) may have developed by an extension of this process.
Shearing was followed by ijolitic veinlets along the shear-planes and 
joints, and then further feldspathization occurred. This gave rise to the 
late feldspathic veinlets, but at this stage also much of the groundmass 
may have recrystallized, in those rocks where albite is conspicuous.
B. The intrusive masses
(i) Melteigite was emplaced as comparatively small bodies within the 
wider zone of fenites.
(ii) Ijolites. Apart from one or two dyke rocks, the ijolites are 
considered to have developed metasomatically from melteigite, by a process
of nephelinization.
(iii) Development of feldspathic ijolite and cancrinite syenite. The 
small ijolite masses around the periphery of the complex, and locally within 
the large mass, are feldspathized. Feldspathization occurred as interstitial 
crystallization, as conspicuous laths, and as pods and veins. In most of 
these rocks, cancrinite was developed interstitially and locally fairly
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extensive masses of cancrinite syenite were produced. In places these 
masses became mobilized (and locally completely recrystallized, v/ith 
primary cancrinite) and intrusive into the fenites.
(iv) The nepheline syenites are dyke-rocks of undoubted igneous tex­
ture. In origin, however, they may, like the cancrinite syenites, represent 
mobilized feldspathic ijolite.
Both the cancrinite syenites and the nepheline syenites are traversed 
by feldspathic veins, but the cancrinite phonolites are not feldspathized 
and were emplaced after the feldspathization of the fenites.
(v) The carbonatites developed on Budeda Hill are derived by the re­
placement of melteigite and ijolite. The small patch of carbonatite on 
Galala Hill which contains "xenoliths" of ijolite (fig. 2.39 ) may represent 
mobilized carbonatite; it resembles the marginal zones of carbonatites at 
both Toror (fig. 4.27) and Tororo (fig. 3*21). Unlike most carbonatite 
complexes, no dykes of carbonatite are seen.
A tentative correlation between the phenomena observed in the fenites 
and in the intrusive rocks is given below.
FENITES I IJOLITE MBLTEIGITE CANCRINITE SYENITE
& NEPHELINE SYENITE
CARBONATITE
6. Ijolitic veins
3. Shearing carbonation intrusion
 — '(-T^rbonate = canc.sy.
rr  ^ I -TT". j. • - carbonate = neph.sy.)14. Recrystallization K-feldspathization
j + K-feldspathization?
I -f nepheline? (Na) nephelinization
j emplacement of melteigite
|3* Recrystallization 
j (early syenite)
■2. Incoming dark minerals 
I1. Crushing
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• Derivation of the Budeda rocks: a discussion
The small complex of Budeda is similar in many respects to the larger 
complex of Fen, in Norway, where irregular-shaped masses of melteigite- 
ijolite and related rocks are emplaced in a zone of fenites.
The fenites of Budeda resemble those of Fen, which also are syenites 
consisting of microperthite and aegirine-augite, passing outwards into 
granite containing aegirine and sodic amphibole. The fenites of Fen are 
not foliated, except where the relic schistosity of the gneiss remains, but, 
locally, areas with crush-texture are described in which the finely crushed 
granite is recrystallized as fine-grained microperthite; fenitization took 
place after the crushing, and these rocks pass marginally into "cracked" 
granite with aegirine and amphibole along the cracks (Saether, 1937, p.13)«
Saether does not discuss the relationship between melteigite and ijolite, 
but records that they represent "variations within the rock body" (op.cit., 
p.44). He recognises, however, that metasomatism has been an important 
factor in the derivation of some of the carbonatites; in some districts of 
Fen, "large quantities of silicate rocks have been metasomatically trans­
formed into calcite rocks" (op.cit., p*9l)*
Between the basic silicate bodies and the surrounding fenite at Fen 
are nepheline- and feldspar-bearing rocks which Brogger (l92l) interpreted 
as hybrid types; Saether records that the rocks in these areas are hetero­
geneous, with ill-defined boundaries, and accepts that they represent hybrid 
rocks, produced by the mixing of basic silicate magma and mobilized fenite. 
Saether also states that "the basic rocks are in part feldspar-bearing" 
(op.cit., p.46). At Budeda the nepheline- and feldspar-bearing rocks also 
occur at the margins of the melteigite-ijoli^e masses and the possibility 
that these may represent hybrid rocks has been considered. There is no
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evidence at Budeda that the fenites were mobilized; at Fen, Saether regards 
the pulaskitic fenite (which generally contains a little nepheline) as 
having been partly fluid (op.cit., p.24) and veins of this composition pene­
trate the intrusive bodies, but nowhere is the fenite at Budeda seen to be­
have as a magma. The basic silicate rocks at Budeda, however, are often 
feldspar-bearing at the margins and at first it seemed possible that ijolitic 
rocks might have been contaminated by the assimilation of fenite. A con­
sideration of the chemical composition of the rock-types, however, shows that 
hybridization is not able to account for the derivation of feldspathic ijo­
lite and cancrinite syenite. The distribution of alkalis, in particular, is 
not compatible with such a process, for many of the fenites are rich in soda, 
and unable to provide the potash essential for the development of potash 
feldspar in the ijolite (see fig. 2.62). The variation curves given by the 
oxides (figs. 2.60 - 2.62) also show no "straight-line relationship" which 
would indicate mixing. The cancrinite syenites, which are closely related 
to the feldspathic ijolite, require CO^ , in addition, for their development; 
this component is certainly not derived from the fenites which are seldom 
carbonate-bearing. There is a further possibility that the cancrinite 
syenites represent independent intrusions which caused the feldspathization 
in the adjacent ijolites, but the evidence does not support this. Intrusive 
cancrinite syenite of igneous rather than metasomatic texture occurs only on 
the east side of Budeda Hill, whereas pockets of feldspathized ijolite occur 
independently at the margins of the ijolites elsewhere in many places.
It is concluded that the feldspar and carbonate developed by metasomatism 
from a magmatic source at depth, and occurred at the margins of the ijolitic 
bodies perhaps where contraction had made openings for the rising emanations.
The phenomenon of feldspathization followed by carbonation is seen not
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only at Budeda, but also at Tororo and Napak. It may be noted that at Fen, 
in addition to the appearance of feldspar in the basic rocks in the marginal 
zones, they are also extensively carbonated (op.cit., p.46).
It appears that the only fundamental magma-type represented at Budeda 
is melteigite; it occurs also at Napak (see p. 177) where its importance is 
appreciated owing to its chemical equivalence to melanephelinite, the most 
common lava type among the extrusive rocks of Napak. Nephelinites also con­
stitute the similar volcanoes of Elgon, Kadam and Moroto in eastern Uganda. 
Melteigite magma is therefore considered to represent the immediate parent.
For the derivation of the melteigite, we have no evidence at Budeda. 
Saether reached a similar conclusion at Fen: "The rocks of the first cycle 
give no information on the parent magma" (op.cit., p.138). At Fen, however, 
a second cycle of rocks introduces the ultrabasic rock-type, damtjernite, 
which Saether considers to be related to parental alkali peridotite. Ultra- 
basic types are absent from Budeda, but are known to exist at depth below 
Bukusu, a carbonatite complex only 10 miles to the south, where drilling 
has shown the presence not only of pyroxenite and hornblendite, but also of 
olivine-bearing types such as peridotite and dunite’(Davies, 1936, pp.41-44).
These observations provide useful pointers, but a general discussion 
is deferred until after the descriptions of the other complexes that have 
been studied (p. 198)0
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PART III: THE TORORO COMPLEX
Introduction
Tororo Rock is a well known landmark in south-east Uganda close to the 
Kenya border (fig* 3#l)# The township of Tororo lies at the foot of the Rock 
to the north and east. The Rock, which rises steeply to a height 1000 feet 
above the plain, is formed of a mass of carbonatite, half a mile in diameter, 
whose contact with the surrounding formations is nowhere exposed. The southern 
part of this carbonatite extends to Gave Hill and Reservoir Hill (sometimes 
known as Tank Hill) and, to the south, is a separate elongate mass of car­
bonatite forming Limekiln Hill, which is quarried for the manufacture of 
cement. The cement works are situated by the Tororo - Jinja road close to the 
Sukulu carbonatite which lies 3 miles south-west of Tororo.
There are no exposures in the rock immediately surrounding the main 
Tororo carbonatite, the nearest outcrops occurring on a small knoll in the 
eastern part of the town. In the past, the nature of the unexposed rock was 
deduced from boreholes, pits and temporary exposures; Davies (1936) records 
an aureole of syenitic fenite which is up to half a mile in width and, close 
to the carbonatite on the east side of Reservoir Hill, a mass of apatite 
pyroxene rock, which may be compared with similar concentrations around other 
carbonatites (cf. Bukusu, Davies, 1947, and Loolekop, Russell et al., 1938).
The present study does not enlarge upon Davies's work with regard to the rocks 
around the main carbonatite, except for the fenites of the eastern knoll. On 
Limekiln Hill, however, the carbonatite invades granitic Basement rock, 
syenitic fenites and a zone of partly brecciated ijolite and nepheline syenite 
(plate 2). Exposure on this hill is good, and has been increased by progressive 
quarrying. The present work is largely concerned with the relationships between 
the various rock types of Limekiln Hill.
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1. The country rocks
The only outcrops of the country rock in the area occur on the eastern 
knoll, in roadside ditches in the eastern part of the town, and at the southern 
end of Limekiln Hill, Samples from all these localities, however, show some 
modification, either mechanical disturbance or metasomatic alteration, related 
to the alkaline intrusions, and the nature of the country rock can only be 
deduced from these specimens.
The rocks are all granitic types, but are found to be very variable over 
even short distances. The three main minerals are microcline, plagioclase and 
quartz but any one of these may be absent locally. The rock most frequently 
encountered consists of plagioclase in which cores of clear oligoclase, 
occasionally twinned, form corroded relics within more turbid albite which is 
lightly flecked with white mica. Large crystals of clear microcline are inter­
stitial (fig. 3*2A); in SUTO 310 and 3 H  several turbid plagioclase crystals 
are completely enclosed in single crystals of microcline. Quartz occurs in 
aggregates between groups of feldspars, and shows moderately irregular grain 
boundaries and uneven extinction in large crystals. Trains of inclusions in 
quartz are recorded by Davies (1936, p.l?). Biotite is not abundant but forms 
small groups or isolated crystals, pleochroic from pale straw to dark reddish 
brown, or slightly greenish in some sections. There is no gneissose foliation 
or alignment of biotite. A small amount of opaque ore occurs with the biotite, 
and accessory zircon is recorded (SUTO 304). In a few cases the microcline is 
slightly perthitic, and myrmekite is not uncommon.
SUTO 300 consists almost entirely of plagioclase (oligoclase surrounded 
by turbid albite with clear rims) and abundant interstitial quartz, with sub­
sidiary biotite. Occasional specimens, on the other hand, are almost quartz 
free, such as SUTO l49 which differs from the surrounding granites in its 
smaller grain-size. In some cases microcline is the predominant feldspar,
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accompanied by quartz, and plagioclase is not recognised (SUTO ^OSA), Micro­
cline also occurs as small bodies of pegmatite in the area (SUTO I36).
Owing to this extreme variability the chemical composition of the 
country rocks cannot be estimated with any accuracy. As Davies suggests, 
it seems that the rocks are alkali granites, with a tendency for potash to be 
higher than soda (1936, p.1?). Metasomatic changes in the development of 
the granites are indicated by the mineralogical replacements: albitization 
(Na) and later development of microcline (K), including microcline pegmatites. 
These processes are not considered to be associated with fenitization.
2. Fenitization
(a) Granitic fenites
Fenitization is well marked in the granites of the eastern knoll; two 
processes can be recognised, which have to some extent acted independently 
of each other. The first is in part a mechanical process, in which the rock 
becomes veined by a network of channels, some only the thickness of a hair. 
Along these veins a new feldspar forms as aggregates of fine grained untwinned 
crystals, having a refractive index below that of albite, and so inferred to 
be a potash feldspar. This fine-grained feldspar is seen to corrode pre­
existing feldspars and quartz (fig. 3*2B), and metasomatism, involving 
migration of material, at least on a small scale, is therefore indicated. 
Microcline crystals become replaced along the network of veins and around the 
crystal margins by untwinned potash feldspar both in the form of granules 
and larger, irregular, untwinned areas. In SUTO 306 microcline is represented 
only by corroded relics in a mass of untwinned potash feldspar.
Locally the new feldspar assumes a lath-like habit, although with very 
intricate grain boundaries, and a trachytoid alignment is recognised. In 
some cases such a texture is directly attributed to the replacement of biotite
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by the new feldspar parallel with the cleavages (fig. 3.3). SUTO 310 illus­
trates this replacement, where gradations from partly replaced biotite to 
aligned aggregates of elongate feldspar are seen; in the process, flecks of 
opaque ore are produced, which are streaked out parallel with the laths.
Groups of original biotite crystals are represented by aggregates of feldspar 
and ore variously aligned with the original crystals (fig. 3*20). In other 
instances there is no trace of original biotite and the alignment of potash 
feldspar is evidently governed by the channels themselves. Sporadically, 
the development of granular feldspathic channels in the granite is so marked 
that the veins permeate the whole rock in minute detail, and the rock in thin 
section is a breccia. Old crystals are actually broken (fig. 3«4), and twinned 
crystals such as albite and microcline show dislocation. Recrystallization of 
old crystals can be recognised here; in SUTO 308A, for example, larger quartz 
crystals develop areas of finely granular quartz from the edges, and the wide 
channels of small fragments, together with new feldspar, are seen to contain 
abundant fine-grained quartz.
Superimposed on the pattern of feldspathic channels is the development 
of sodic amphibole and pyroxene, which takes place along many of the channels 
and in patches and clumps where the channels intersect or become more than a 
millimetre in width. Although the dark minerals frequently coincide with the 
feldspathic channels, locally the veins of amphibole and pyroxene traverse old 
feldspars and channels alike. The relationship is illustrated by SUTO 309
(fig. 3.5).
Crystallization of new dark minerals occurs primarily in the feldspathic 
veinlets, but the dark minerals rarely fill these veins completely except 
where the latter are very narrow. It is notable that the dark minerals very 
rarely replace original biotite, but cluster very densely around crystals of 
quartz, insinuating along grain boundaries in a quartz aggregate, and traversing
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the crystals. Both aegirine and amphibole occur together (fig. 3«6), the 
former as sheaves of acicular crystals and the latter as small pale blue- 
green prisms often surrounding aegirine interstitially. Yellowish acmite 
(X^c 8 ) occurs in zones in some veins. The amphibole is generally found 
along vein edges, projecting into quartz crystals. Where calcite is found 
associated with the fenite veins, amphibole is particularly conspicuous. 
Crystallization of the amphibole and pyroxene shows a further characteristic; 
wherëéïs along the veinlets traversing feldspar the tiny prisms are attached 
to the edges of the vein and project inwards, around quartz crystals they 
point in the opposite direction and project into the quartz.
The pattern of veinlets is typically a random network in the fenitized 
granites, with small lumps of dark minerals at intersections, and the granite 
characteristically breaks into angular blocks and chips. Where granulation 
and actual brecciation have been more intense, however, the beginning of an 
oriented texture is developed. An orientation is suggested not by the align­
ment of individual crystals or rock fragments, but by the disposition of the 
dark mineral veins in a pattern resembling a compressed trellis. Between the 
network of veins the areas of leucocratic groundmass appear to have under­
gone earlier intense brecciation, and have a heterogeneous texture which is 
unrelated to the pattern of brecciation established by the veins. This stage 
is well seen in specimen SUTO 314 (fig. 3.7) and provides a link with the 
syenitic fenites of Budeda where the foliated texture is more marked.
Associated with the fenite veins in various granitic rocks are minerals 
such as apatite, fluorite, yellowish chlorite, limonite after aegirine 
(including red-brown goetliite) and two unidentified minerals. One consists 
of minute, pale greenish granules with high relief and very low birefringence 
which are scattered in the feldspar channels of SUTO 308A. Another is a 
fibrous or micaceous mineral, similar to the white mica flecking the plagioclase.
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which occurs with the dark minerals in the veinlets of SUTO l46. Specimen 
SUTO 311 is unusual in having thin veinlets of fine-grained granular quartz 
and feldspar, and late veinlets of very fine-grained apatite(?).
Closer to the carbonatite masses the granite generally passes into 
syenitic fenite with the disappearance of quartz, but at the southwestern 
tip of Limekiln Hill the carbonatite comes in contact directly with quartz- 
bearing granite. SUTO 327, from the west side of the southern quarry, is a 
coarse-grained rock in which plates of feldspar are conspicuous. In thin 
section this feldspar is seen to consist of untwinned slightly perthitic 
orthoclase which surrounds corroded relics of microcline. Plagioclase is 
subordinate, forming groups of small crystals with distorted twin lamellae, 
and quartz is abundant in the form of clear crystals carrying trains of 
bubbles. The rock, furthermore, is traversed by a close network of veinlets 
consisting largely of granular quartz with a small amount of feldspar. Dark 
minerals are notably absent.
This evidence suggests that the carbonatite, at least at its present 
level, was not responsible for the fenitization. On the eastern knoll there 
is some indication that the fenitization is related to a magma of ijolite- 
nepheline syenite composition. A small dyke, only 2 cm. wide, consisting of 
nepheline syenite with ijolitic patches, is bordered, apparently only on one 
side, by a 1 cm. zone of syenitic fenite. The syenite (SUTO 303B) consists 
of sub-rectangular crystals of microperthite and abundant prisms of aegirine 
flecked with limonite, together with a little pale green amphibole. Towards 
the granite the grain-size increases and the feldspars, together with quartz, 
are recognisably part of the granite. There is no obvious granulation, but 
the introduction of aegirine alongside the dyke is very marked.
(b) Syenitic fenites and alkali syenites
Within the fenitized granites are occasional patches where quartz is
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absent and the rock is syenitic in composition, SUTO l43 from Sast Road in 
other respects resembles the fenitized granites, consisting of twinned 
plagioclase, partly replaced by untwinned alkali feldspar, together with 
untwinned potash feldspar both in large crystals and fine grained patches.
The rock is closely veined by a network of green veinlets, with concentrations 
of dark minerals at the intersections, a texture which is highly characteristic 
of the syenites. Both aegirine and amphibole are developed in the veinlets, 
as in the granitic fenites. Similar rocks may be found adjacent to the 
carbonatite on the eastern and western slopes of Limekiln Hill, where syenitic 
rocks are well exposed. SUTO 328, from the south-western part of the hill, 
contains plagioclase (albite with occasional oligoclase cores), subordinate 
microcline, and untwinned potash feldspar replacing earlier feldspars. Vein­
lets of granular potash feldspar are present, accompanied by veins and patches 
of sodic amphibole and aegirine.
Occasionally the syenitic rocks have a spotted appearance and resemble 
the spotted syenitic fenite of Budeda, Such rocks are exposed in the western 
part of the lowest quarry to the west of Limekiln Hill. SUTO 329 in hand- 
specimen contains rounded and angular spots of white feldspar with cream- 
coloured centres, grading down from 3 mm. in size, in a greenish fine-grained 
matrix. In thin section, only a few of the spots contain relic plagioclase, 
most of them representing replacements by granular potash feldspar, or by 
larger crystals, producing perthite as an intermediate stage, and by porphyro- 
blastic plates of slightly turbid orthoclase (fig. 3.8â) In the groundmass, 
granular and acicular aegirine forms strings or layers around the feldspathic 
spots, and is intergrown with the fine-grained granular feldspar as small 
blebs (fig. 3*SB).
The relationships between rocks in this quarry are complicated by several 
factors. The boundary between ijolite and syenitic fenite, and the margin of
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the carbonatite closely coincide in this area, and there appears to have been 
some brecciation, followed by extensive feldspathization and subsequent car­
bonation of the various silicate rocks, Feldspathization, in particular, 
tends to obliterate the original character of the rock, and ijolite and 
syenitic fenite alike become converted to orthoclasite. Where the dark 
minerals have gone, it may still be possible to recognise original syenitic 
fenite by the presence of corroded relics of albite, surrounded by potash 
feldspar. There are, however, instances where the albite is not relic, but 
forms groups of rectanular crystals, often characterized by chequered twinning. 
It may be noted also that albite sometimes forms along late veins (SUTO II3). 
The presence of albite is therefore not always a reliable guide to the fenitic 
origin of the rock.
On the east side of Limekiln Hill are exposures of syenitic fenites con­
taining corroded albite in a groundmass of untwinned potash feldspar which 
forms close anastomosing veinlets through the rock (SUTO 399); larger crystals 
of potash feldspar are developed and the amount of relic plagioclase is 
reduced (SUTO 398), The new potash feldspar shows a variety of textures, in­
cluding tiny blebs along incipient veinlets, pockets of granular texture, and 
porphyroblastic textures surrounding plagioclase or growing from the granular 
matrix, and having both intricately intergrown boundaries and simple polygonal 
outlines, even within one specimen. Aegirine and subordinate amphibole form 
dense clumps and veinlets. Calcite and apatite are also associated with the 
fenite veinlets and, in some cases, interstitial quartz occurs (SUTO 398).
It will be appreciated that the granitic character of the country-rock 
gradually decreases with the disappearance of quartz, and further with the 
elimination of relics of plagioclase.
There are to be found at Tororo a number of rocks which consist entirely 
of potash feldspar and aegirine. In a few cases it is possible to class such
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rocks with the syenitic fenites, by virtue of their continuity with these rocks 
in the field, or by their close textural resemblance in hand specimen and thin 
section. In other instances, however, other modes of origin cannot be dis­
counted and, where there is no reasonable proof of their origin as fenites, 
such rocks are termed alkali-syenites.
Specimens of alkali-syenite may be obtained from the quarry at the 
southern tip of Limekiln Hill, where it forms xenolithic masses in the carbo­
natite (fig. 3«9)« SUTO 48 closely resembles the fenites in texture. Alkali 
feldspar, including a little perthite, forms irregular crystals intricately 
intergrown, and aegirine is dispersed as small granules in elongate strings 
which show alignment but not banding. Later veins of aegirine (X^ c 23°) 
cut across earlier textures, as though a late phase of fenitization occurred 
(cf. Budeda). SUTO 4y, a very coarse grained syenite from the same area, 
consists of plates of clouded potash feldspar over 1 cm. in diameter. Along 
the crystal boundaries and across the crystals, recrystallization into 
granules has taken place, and aegirine enclosed in interstitial calcite 
appears to be late.
Other rocks of syenitic composition on Limekiln Hill can be shown to be 
derived from ijolites and nepheline syenites that have been feldspathized; 
these rocks are described separately (p. 73 )•
3. Alkaline intrusive rocks
(a) Nepheline syenites
Rocks having the composition of nepheline syenite are common in exposures 
close to the carbonatite of Limekiln Hill but most of these are ijolites 
which have subsequently been feldspathized. There are, however, rocks 
recognisable as original nepheline syenites, and these are described in this
section.
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In practice, the distinction between nepheline syenites and rocks of 
the ijolitic group is difficult, since both rock types mainly occur together 
in a zone of brecciation; in both rocks the fragments have been altered so 
that nepheline is generally replaced by a turbid alteration product; they 
have also been extensively feldspathized, and subsequently invaded by car­
bonatite. Nevertheless, in places where feldspathization is less pronounced 
and where the rocks are less disturbed, nepheline syenites and ijolites are 
quite readily distinguished macroscopically. The nepheline syenites are 
generally finer grained, and mottled, with small euhedral nephelines often 
coloured pink by alteration; the feldspar in these rocks is interstitial and 
not often seen with the naked eye, so that, unlike many nepheline syenites, 
these rocks are dark-coloured.
On the northeast side of Limekiln Hill the nepheline syenites occur 
mainly in the zone of agglomerate; here brecciation has disturbed the original 
relationships. South of this area of mixed rocks the ijolites become less 
common, and the carbonatite on the east side of Limekiln Hill invades nephe­
line syenites. On the lower slopes of the hill in this region loose blocks 
were obtained which demonstrate an intrusive contact between nepheline 
syenite and syenitic fenite (fig. 3.L0). At the contact, the nepheline 
syenite is fairly fine-grained but not chilled. Nepheline is partly altered 
to turbid material and cancrinite, and, with pyroxene, tends to form small 
patches of ijolitic appearance; these areas are surrounded by clear feldspar, 
sometimes showing Carlsbad twinning, but of irregular outline. Interstitial 
calcite is present in the nepheline syenite and in the adjacent fenite, but 
no biotite is developed. The syenitic fenite resembles others of its type, 
without any modification other than carbonation. Large (2 mm.) crystals of 
feldspar are set in a mosaic of polygonal smaller grains, and aegirine forms 
groups around the large feldspars, being also intergrown with the small
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feldspars as granular blebs. Against calcite, stout euhedra of aegirine 
are developed.
Only a few specimens of nepheline syenite were obtained which proved 
to be unaffected by late feldspathization and in which the nepheline remains 
relatively unaltered. SUTO 38 is an example, from the east side of Limekiln 
Hill close to the former D.C.’s house; it contains nepheline euhedra, slightly 
affected by transverse streaking*, and locally replaced from the edges by 
turbid material. Alkali feldspar forms clear anhedral plates around the 
nepheline, and encloses prisms of pyroxene together with small nephelines 
(fir, 3.11). Most of the pyroxene (an aegirine-rich aegirine augite) is 
subhedral and randomly distributed, occasionally forming aggregates, v/ith 
associated sphene. There is no alteration of pyroxene to biotite, but 
locally patches of very finely granular brown biotite develop in the alte­
ration products after nepheline. Apatite granules contain small brown in­
clusions, and calcite forms interstitial pockets. Cancrinite is a sporadic 
accessory mineral.
Relic nepheline is present in several of the nepheline syenites, but 
in many of the rocks it is represented entirely by turbid material and 
cancrinite. Nevertheless,in many cases the texture of the original rock 
is apparent from the distribution of the pyroxene and from the poikilitic 
habit of the feldspar, which encloses pyroxene crystals and pseudomorphs of
euhedral nepheline.
Apatite and sphene are constant accessories in the nepheline syenites, 
and calcite is generally present interstitially. Apart from occasional 
grains of black ore, other minerals are not common. Melanite occurs in
* A common phenomenon in nepheline, the streaks representing incipient 
alteration.
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SUTO 134, a nepheline syenite forming patches within carbonatite by the 
former D.C.'s house. Nepheline is represented by turbid material of low 
bii efringence, forming pseudomorphs about 2 mm. in diameter and spangled 
with calcite and flakes of cancrinite. Small crystals of clear feldspar 
are interstitial to nepheline and surrounded by calcite. Pyroxene forms 
stubby prisms of varying extinction angle, Melanite may be grown on py­
roxene but also occurs independently, as pale yellow to brown patchily 
coloured euhedra, grading in size from 0.2 mm, to very tiny grains enclosed 
in feldspar. Apatite with small inclusions is present, but sphene is not 
seen (its place probably having been taken by melanite). This rock also 
contains small patches of coarser grained ijolite consisting of subhedral 
pyroxene up to 3 mm. long surrounded by turbid material and some cancrinite, 
together with apatite, ore and sphene, but no melanite.
On the west side of Limekiln Hill nepheline syenite occupies a narrow 
zone which can be picked out in places betv/een the ijolite and syenitic 
fenite, and blocks of nepheline syenite occur in the western belt of 
agglomerate which is largely surrounded by carbonatite. Two specimens from 
a locality just to the north of a small cutting in syenitic fenite have a 
foyaitic texture. They are lighter in colour than the other nepheline 
syenites, and contain laths of potash feldspar up to 1.3 mm. long, showing 
some parallelism. In detail the margins of the crystals are irregular against 
the groundmass. Rectangular euhedra of nepheline are partly replaced by 
aggregates of polygonal grains of cancrinite (and in SUTO 623 the replace­
ment is complete), Euhedra of zoned pyroxene (l mm.) grade down to small 
acicular aegirine crystals (X^c l6°) . Sphene is rimmed with ore and apatite 
is accessory. This nepheline syenite differs from the other examples in 
its foyaitic texture; the feldspar evidently crystallized alongside nephe­
line from an early stage. A rock which is somewhat similar was collected
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from the mixed rocks in the summit region of Limekiln Hill (SUTO 629),
Laths of feldspar are set in a background of turbid material after nepheline, 
accompanied by prisms of aegirine. This rock contains an ijolite xenolith (?) 
(the specimen does not show all of it) which consists of euhedral ’’nephe­
lines’, 4 mm. in diameter, entirely replaced by aggregates of small can­
crinite grains, embedded in a fine-grained felt of aegirine.
A small dyke or vein of nepheline syenite, bordered by alkali syenite, 
cuts the granitic fenite on the eastern knoll (SUTO 303/1). The rock consists 
of small patches of ijolite, free from feldspar and containing wollastonite, 
within finer grained nepheline syenite composed of euhedral nepheline, and 
pyroxene crystallized in two stages: early, stout euhedra of aegirine augite 
with sodic rims and very numerous small rods of aegirine which are enclosed 
in a background of twinned feldspar.
This small dyke illustrates a relationship between nepheline syenite 
and ijolite which is commonly observed in the nepheline syenites of Lime­
kiln Hill. In thin section, small areas of the rock (only millimetres 
across) have an ijolitic texture and composition. In some instances (SUTO 
320 and 333A) a hint of zoning is detected in the pyroxene, a characteristic 
of ijolites rather than nepheline syenites. Feldspar occurs interstitially 
around these feldspar-free patches, and is very variable in amount from one 
specimen to another. There is, therefore, a suggested gradation from 
ijolite to nepheline syenite, in terms of composition and detailed texture.
In view of the brecciated and altered nature of the rocks, it has not been 
possible to establish the relationship between ijolite and nepheline syenite 
in the field. The margin of the ijolite can be traced on the west side of 
Limekiln Hill in the lower quarry, but feldspathization here is very intense 
and no original nepheline syenite can be recognised. Elsewhere around the 
hill, exposures of ijolite appear to be separated from the zone of fenites
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by outcrops of nepheline syenite. This observation, together with the 
recognised affinity between ijolite and nepheline syenite seen in thin 
section, prompt the suggestion that nepheline syenite may represent a 
marginal modification of ijolite. The texture of the nepheline syenites 
in some respects resembles that of the feldspathic ijolites occurring at 
the margins of ijolite masses at Budeda, especially with regard to the inter­
stitial character of the feldspar. The cancrinite-bearing nepheline syenite 
of foyaitic texture on the west side of Limekiln Hill may represent a re­
mobilized (and recrystallized) form of nepheline syenite.
(b) Ijolites
On the western flanks of Limekiln Hill ijolitic rocks are exposed and 
can be examined in the quarries, but they have here been extensively felds­
pathized and invaded by carbonatite. A few unaltered specimens were ob­
tained from these rocks, and from fragments in the agglomerate on the north­
eastern side of the hill, but perhaps the best range of ijolitic types was 
collected as fragments from the late agglomerate dykes cutting the carbonatite. 
In common with ijolites from other complexes, they are variable in texture 
and mineralogy. Melteigite pyroxenite occurs as fragments in the agglomerate. 
It consists of subhedral, stout prisms of aegirine augite (X^ c 3&°), some­
times zoned from pale green, more diopsidic cores, and a very small amount 
of interstitial nepheline or its turbid alteration product.
In mmay of the ijolites, pyroxene and nepheline are present in about 
equal amounts. Some of the pyroxene is nearly euhedral and very often 
patchily zoned, but mostly it forms a typically ijolitic intergrowth with 
nepheline: both minerals are mutually interstitial, and marginally inter- 
lobed. Where nepheline is more abundant (e.g. SUTO 387) it tends to form 
larger crystals, up to about 4 mm., which are approximately euhedral except 
for the edges, and pyroxene is interstitial. Where the latter is greater in
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amount, the proportion of nepheline shrinks, its lobate margins are more 
conspicuous in relation to the size of each crystal, and it loses its sub­
hedral character, becoming interstitial to pyroxene. Granules of apatite, 
and quite large crystals of sphene rimmed with ore, are characteristic 
accessories. Cancrinite is often present in altered ijolites, and in SUTO 
629, euhedral nepheline is entirely replaced by aggregates of granular 
cancrinite; the texture of this ijolite is of interest for the euhedral 
character of the nepheline and peripheral distribution of pyroxene. A dyke 
rock from the eastern knoll, although finer grained, has a similar texture 
(SUTO 308Â).
Melanite occurs in several specimens of the Tororo ijolites; it varies 
from chocolate brown to nearly opaque, and may form ramifying sieve-like 
plates around pyroxene (SUTO 370), or independent euhedra (SUTO 628). In 
SUTO 366 melanite surrounds corroded sphene. It is often accompanied by 
by interstitial calcite, but along later calcite veins in some rocks the 
melanite is altered to black ore. I'/ollastonite is present in some rocks, 
forming anhedral plates in small patches.
The relationship between the various types of ijolite, although it 
cannot be seen in the field, is illustrated by the textural detail of SUTO 
628 (fig. 3,12). Small patches of ijolite and melteigite with varying tex­
tures occur in medium grained ijolite; in the coarse textured patches the 
pyroxene is zoned, in the finer grained areas it is more acicular green 
aegirine augite, in both cases intergrown with nepheline, and sphene is 
accessory. These early phases are cut by replacement veinlets of wollas— 
tonite urtite, only 1 mm. or so wide, visible in thin section; later, more 
widespread development of melanite occurred in vague bands which cut the 
wollastonite urtite. The melanite is accompanied by interstitial calcite, 
and a small amount of alkali feldspar.
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associated with the emplacement of carbonatite
(a) Early brecciation
A zone of agglomerate extends around the carbonatite of Limekiln Hill; 
the carbonatite has penetrated the agglomerate to a varying extent, but 
more so in the western part than in the east, so that the agglomerate re­
maining forma a broader zone on the east side of Limekiln Hill. A belt of 
agglomerate can be seen in the carbonatite on the upper western slopes of 
the hill. Fragments in the agglomerate are rounded boulders up to 30 cm. 
or so across, and consist of ijolite, ijolite pegmatite, nepheline syenite 
and syenitic fenite. In places where the carbonatite has not penetrated 
the agglomerate it can be seen that the fragments are closely spaced, with 
very little matrix (the nature of which has not been established).
(b) Alteration of the minerals in the fragments of agglomerate
The fragments of nepheline-bearing rocks are very much altered, and 
nepheline rarely survives. It is replaced by turbid material which appears 
to consist of at least two minerals, not yet identified with certainty. 
Numerous small flakes with moderate birefringence and positive elongation 
form sheaves, often parallel with the c axis of original nepheline; these 
occur in a raesostasis having very low birefringence and of lower refractive 
index, which is probably analcite. The biréfringent flakes are in some cases 
a mica, with high refractive index, but more often they have lower refrac­
tive index and are possibly a hydronepheline. Occasionally the whole aggre­
gate has a low birefringence and is spangled with calcite. Cancrinite occurs 
among the alteration products, generally as groups of small, streaky crystals, 
and appears to develop after the hydronepheline (?). In SUTO 3^ 0, relics of 
nepheline are replaced by the turbid material around the edges and then by 
fringing plates of cancrinite. Natrolite, recognised in some specimens, is 
also later than the hydronepheline (?) (SUTO 66).
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The pyroxene is sometimes altered to turbid, greyish crystals with 
blebs of calcite and opaque ore, but it is also commonly replaced by red- 
brown biotite which is characteristic of the altered rocks. Where pyroxene
remains, as it does in most cases, it forms ragged prisms of an aegirine-
rich aegirine augite. Sphene is replaced by opaque ore.
The biotite which occurs in these altered rocks is not confined to 
the pyroxene but also develops as finely granular aggregates in the turbid 
alteration after nepheline. It collects to form spongy porphyroblastic 
plates (fig. 3*13)» Biotite tends to be concentrated around the cores of
ijolite and inside the outer layer of potash feldspar of altered fragments.
The development of biotite is known to occur in similar situations at other 
carbonatite complexes, notably at Badloch, Kaiserstuhl, where xenoliths of 
phonolite incorporated in the carbonatite are rimmed by biotite (Wimmenauer,
1962, fig. 3).
Although the alteration of the nepheline-bearing rocks is primarily one 
of hydration, the introduction of biotite probably involves potash meta­
somatism also. Hydration is recognised as an important process associated 
with the emplacement of carbonatite at Alnü (von Eckermann, 1948) although 
here the rocks affected are fenites in the outer part of the complex.
(c) Feldspathization
The fragments in the agglomerate are in places intensely feldspathized. 
The feldspar is developed along a network of straight veins and as continu­
ous shells around each fragment, generally leaving cores, or discontinuous 
parts of more basic rock in the centres (fig. p,l4). The feldspar forms 
medium- to coarse-grained aggregates of lath-like crystals, sometimes with 
interstitial carbonate and ochreous material; on weathered surfaces the 
feldspar rock is reddish brown or buff, but in the quarries fresh specimens 
are grey-white. Small groups of porphyroblastic crystals of feldspar may
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also occur in the cores (fig, 3.13).
In the fragments of syenitic fenite, new feldspar is indistinguishable 
from the old in the core zone, but in the feldspathic fringe the new feld­
spar is seen to be slightly perthitic, turbid orthoclase, Feldspathization 
of pyroxenite produces textures similar to those observed in some syenitic 
fenites, with patches of granular feldspar occurring between groups of 
pyroxene; pods of feldspar contain strings of small granules of pyroxene, 
a texture which could be mistaken for that of a fenite.
A variety of textures is produced during feldspathization. Within 
cores of ijolitic rocks, feldspar begins to form as medium grained, anhedral 
plates which penetrate the turbid material along vein-like channels (SUTO 
632B). As the feldspar develops further it forms patches of anhedral, 
twinned crystals which enclose shreds of turbid material and occasional 
crystals of pyroxene. Among the larger crystals are groups of finer grained, 
granular feldspar. Locally, coarse-grained areas consist of nearly idio- 
morphic crystals. Pyroxene is reduced in amount and forms clusters of 
grains between groups of feldspar. In SUTO 316 the final stages of crys­
tallization occur as euhedra enclosing relic rods of aegirine, adjacent to 
pods of calciteo
The ultimate product of feldspathization is orthoclasite or aegirine 
orthoclasite, regardless of the composition of the original rock (fig. 3.16). 
Sometimes a few relics remain, recognisable in thin section, as shreds of 
turbid hydronepheline (?), and granules of apatite. Locally the new feld­
spar includes a small amount of sodic plagioclase, as patchy perthite, or as 
independent crystals of albite characterized by chequered twinning. For the 
most part, however, the feldspar is more potassic than sodic; chemical analysis'
R.Co Tyler, anal,
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has shown 12.14 and 12,44 per cent K^O and 1.6l and 2.21 per cent Na^O in 
two samples of feldspar from Tororo. The development of orthoclasite from 
rocks adjacent to carbonatite has been recognised at several complexes 
since the phenomenon was described by Dixey and others at some of the vents 
of the Chilwa alkaline province (Dixey, Campbell Smith and Bisset, 1937).
The Tororo orthoclasites were previously described by Davies as ’’syenites” 
(Davies, 1936, p.24) and, although he distinguished them from fenitized 
granites, he nevertheless regarded them as ’’fenites” (op.cit., p.23).
Garson and Campbell Smith at Chilwa Island, however, concluded that the 
feldspathic rocks were not to be regarded as fenites; ’’the process of 
feldspathization although having features in common with the process of 
fenitization is of a distinct and different origin” (1938, p.31 ). The 
evidence at Tororo confirms that feldspathization represents a separate 
(and later) stage of metasomatism.
Feldspathization is clearly associated closely with the emplacement 
of carbonatite, Xenoliths of altered silicate rock enclosed in carbonatite 
are mantled by feldspar, and the veins of feldspar which traverse ijolitic 
fragments have thin veinlets of calcite along their centres (fig. 3*17)• In 
detail, however, the calcite veinlets often cut across the feldspathic areas, 
and feldspar is seen to be corroded and gradually replaced by calcite where 
the silicate fragments are incorporated as xenoliths in carbonatite. Stages 
in the process of carbonation of xenoliths are described with carbonatites
(p. 8l ).
( d) Late brecciation and veining
Many of the feldspathic rocks are traversed by hair-thin veinlets 
forming a close network. These generally consist of biotite as small, pale 
yellow to dark brown flakes, and often show alteration to limonite. Occa­
sionally along the paths of these veinlets the feldspar recrystallizes as
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fringes of twinned albite (SUTO 7, SUTO 330). Sometimes the mineral in 
the veinlets is aegirine (SUTO GJ>6a) . Both biotite and aegirine veinlets 
are commonly accompanied by calcite. Sometimes the feldspathic rock shows 
granulation adjacent to the veinlets (SUTO 331, 343) and specimens from the 
lower quarries on the west side of Limekiln Hill show considerable brecci­
ation . Fragments of feldspathic rock form small ovals, together with pods 
of calcite, around which green veinlets of aegirine as well as biotite and 
limonite, pick out a pronounced pattern of shearing. Locally the fragments 
are surrounded by fine grained, granular feldspar (SUTO 364, fig. 3.18).
Even this rock is traversed by a later generation of veinlets. Several 
stages of brecciation are recognisable in SUTO 338. Fragments of felds­
pathic rock, which have themselves a fragmental texture, indicating an 
earlier brecciation, are contained in a finely granular feldspathic ground­
mass. Later veins of quartz cut across both fragments and matrix. In the 
brecciated area on the northwest side of the large quarry, fragments of 
ijolite and feldspathic rock are mixed (SUTO 363). The brecciation is only 
a local phenomenon, but the net-veining is more widespread. It appears to 
represent a late ’’fenitization”, and is probably to be equated with the 
development of limonite veins in carbonatite at Toror and other complexes.
3. Carbonatites
( a) Form of the intrusions
The carbonatites occur as two masses, the larger one including the 
prominent Tororo Rock and the much more subdued Cave Hill and Reservoir 
Hill, and the smaller, elongate mass to the south which occupies Limekiln 
Hill. Unlike many carbonatites, these masses are not circular in form.
The irregular outline of the main carbonatite is deduced from the topo­
graphy, since the actual contacts are not exposed; the carbonatite rises
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steeply from the plain in a series of tiers of arcuate cliffs having gently 
sloping upper surfaces. The carbonatite is in places quite densely wooded, 
and exposures between the cliffs are sporadic # The cliffs themselves rarely 
provide satisfactory outcrops, as their steep faces are usually coated in 
brown-stained secondary limestone.
Within the main mass, the part forming Tororo Rock appears to have a 
concentric structure. This is marked by a stepped series of arcuate cliffs 
(fig. 3«l), and by concentric flow layering in the carbonatite. V/illiams 
(1932) has suggested that this part of the carbonatite was emplaced as a 
series of separately intruded "collars”, conforming with the cliff features, 
and he maintains that the central core, 10 feet in diameter, was emplaced 
first, followed by successive concentric sheets, the inclination of the 
collars gradually decreasing outwards. The evidence for a number of separate 
intrusions is, however, not strong. There are no chilled contacts, or 
screens of pre-existing rock, and the carbonatite does not change in 
character significantly from one part to another. The attitude of the 
cliff features may well be entirely due to jointing. Williams also suggests 
that the carbonatites of Cave Hill and Reservoir Hill, in which banded 
structures depart from the concentric pattern of Tororo Rock, have the form 
of tangential dykes. Williams's map (1932, fig. l) shows several mutually 
intersecting structures and he claims (op.cit., p.290) that such structures 
were produced contemporaneously. It is difficult to imagine how these 
structures could arise contemporaneously in the manner suggested, and the 
writer considers that the structures may be attributed to a number of 
different causes. The concentric structures shown by Williams in the 
region of Cave Hill and Reservoir Hill are probably formed by cliff features, 
and may be due only to jointing. Intersecting planar structures elsewhere 
in this mass might be caused by later cross-cutting flow structures, or by
78subsequent shear movements.
jri reconstruction of the banded structures observed in the carbonatite 
on Limekiln Hill is given diagrammatically in fig. 3.19. These structures 
are formed in several ways. On the largest scale, the bands consist of 
screens of pre-existing rock, or zones of xenoliths, within carbonatite.
The bands, visible as steep, westward-dipping structures in the quarries, 
may be up to 10 or 20 feet wide and are separated by rather wider belts of 
fairly pure carbonatite. Correlation of the various bands is difficult, 
even across the quarries, as xenolithic areas are numerous, but two belts 
of silicate xenoliths which cross the large quarry can be traced across 
the west side of the hill. Between the zones of silicate xenoliths, the 
carbonatite contains streaks of minerals such as pyroxene and magnetite 
which pick out parallel structures.
Fig. 3.19 was constructed after the completion of fieldwork, and the 
trends shown between actual points of observation must therefore be regarded 
as speculative. The pattern is complex, but three main units can be recog­
nised: eastern, central, and western belts, of which the central and western 
zones are more or less continuous but separated from the eastern zone by a 
well marked contact in the region between the two summits of the hill. The 
eastern and western zones are more xenolithic than the central carbonatite 
zone, and a comparative study of the carbonatites in the three belts reveals 
that only the central part is pyrochlore-bearing. Thus the units demarcated 
purely on their internal structural trends also show lithological differences, 
although these are not obvious. On the basis of apparently truncated 
structures in the region of the northern summit and the saddle to the south, 
it is concluded that the central carbonatite was emplaced after that of the 
eastern zone. To the north, this junction is not traceable among the inter­
calated belts of xenolithic and purer carbonatite. Flow structures in the
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eastern zone are observed to sv/ing towards the northwest in the northern 
part of the hill and, on the hillside north of the large western quarry, 
these structures are cut off by those of the western zone,
Transgressive structures to the south are interpreted variously as 
remnants of the eastern zone, and late refoliation structures due to 
shearing.
The presence of screens of silicate material separated by purer 
carbonatite suggests successive dyke-like intrusions of carbonatite in the 
central and western zones. In the large quarry the screens were observed 
to be cut off sharply by carbonatite on the west sides, and to grade from 
xenolithic to purer carbonatite to the east, suggesting that the carbona­
tites may have been emplaced successively from east to west. Chemical 
analysis of the various bands of pure carbonatite shows no appreciable 
change in composition in the western zone (table III).
Williams regarded the carbonatite of Limekiln Hill as the extension of 
dykes from Gave Hill and Reservoir Hill (1932, p.290). Although the out­
crops are not continuous, the trends of the banded structures suggest such 
a connection. On the north side of the large quarry, the impression is 
gained that masses of silicate rock become more continuous at higher levels 
and that the upper part of the quarry is approaching the roof region of the 
carbonatite. Ijolitic rocks on the northwestern hillside are considered to 
form part of the roof overlying the carbonatite. If this is so, the upper 
surface of the carbonatite plunges at an angle under silicate rocks and 
probably joins the main carbonatite at depth beneath Cave Hill and Reservoir 
Hill.
The carbonatite of Limekiln Hill is known from borehole evidence to be 
floored by silicate material, and this floor slopes towards the main 
carbonatite mass. The form of the Limekiln Hill mass, therefore, appears
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Table III. Partial analyses of Tororo carbonatites
19 20 21 22 23 24 23 26
0.32 0.42 0.88 0.66 0.33 0.66 0.00 1.17
FeO 0,57 0.44 0.87 0.66 0.77 0.91 0.68 0.48
MgO 0.36 0.51 0.62 0.33 0.44 0.31 0.37 0.06
CaO 34.19 54.51 51.62 32.42 49.33 30.37 49.79 32.20
nd nd nd nd nd 3.32 nd
•d insoluble 0.48 3.30 2.39 1.04 1.38 2.20 3.93 0.24
In analyses 20-26, Fe^O^ value may include some P^O^, not 
determined separately. Anal. A. Mayer.
19. Carbonatite SUTO 392, NW side, large quarry, W Limekiln Hill.
20. Carbonatite SUTO 393, some 40 ft. E of location of SUTO 392.
21. Carbonatite SUTO 39^ , E side of fault, some 40 ft. E of location 
of SUTO 393» 22. Carbonatite SUTO 393, again 40 ft. to E in same 
quarry, 23» Carbonatite SUTO 396, E wall of quarry. 24. Carbonatite 
SUTO 397, S side of quarry. 23» Apatite carbonatite SUTO 376,
SW corner large quarry, 26. Carbonatite SUTO 346 from quarry southern 
end Limekiln Hill.
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to be, as V/illiams has said (1932, p.290), trough-like. Fig. 3.20 shows 
diagrammatically the relationship of this mass with the main carbonatite.
It would appear that some structural element with a north-south trend 
had a controlling influence on the form of the Tororo carbonatites, causing 
the general north-south elongation of the complex and the alignment of 
carbonatite structures in the eastern half, from the northern projecting 
mass of carbonatite at the foot of Tororo Rock, through Reservoir Hill, 
to Limekiln Hill,
(b) Petrology
The carbonatites of Limekiln Hill contain a great many xenoliths of 
silicate rock, grading in size from continuous masses some feet across where 
screens of pre-existing rock occur, to smaller patches ultimately seen only 
in thin section.
ilithough the carbonatite traverses zones of widely differing rock types 
including ijolite, syenite and granite, the extensive metasomatism which 
immediately preceded the emplacement of the carbonatite effectively produced 
syenitic types in all zones. Nepheline rarely remains in the ijolitic 
xenoliths and, at the present level of erosion,the carbonatite only just 
reaches the granite, where quartz is present; for the most part, the carbo­
natite has engulfed xenoliths of syenitic composition ranging from aegirine 
syenites to orthoclasites. Thus alkali feldspar and aegirine are the most 
common minerals in the xenolithic carbonatite.
1. Limekiln Hill: assimilation of xenoliths in the carbonatite
(i) Feldspar. All gradations are seen from carbonated feldspathic
rock to feldspathic carbonatite. Calcite crystals occur indiscriminately
through the feldspathic rock; they are always anhedral and interstitial, 
corroding the feldspar. Sometimes the development of calcite is confined 
to veins which cross the feldspathic rock, breaking it into smaller units.
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The impression here is that calcite has been injected along fissures in a 
breccia, but the feldspathic rock does not in detail show any sign of 
granulation or extensive shattering (SUTO 44 and 349). SUTO 6 is a carbo­
natite characteristic of the east side of Limekiln Hill, containing alkali 
feldspar and aegirine derived from xenolithic material. The calcite forms 
a coarse-grained mosaic of anhedral crystals (2 to 3 mm.), rimmed by films
of ferruginous material; enclosed feldspar occurs as separate crystals,
r
some of them corroded, or rounded, broken fragments, and also as aggregates 
of orthoclase, rather turbid and traversed by thin limonite veins.
The feldspar is not observed to be actually altered, but it becomes 
broken and corroded, and dispersed in the carbonatite.
(ii) Pyroxene. The pyroxene which occurs interstitially in the feld­
spathic rocks is aegirine. Sometimes this survives subsequent carbonation, 
but in many cases it is altered, one of the most common products being mag­
netite. The magnetite collects as clusters of small granules and may be 
accompanied by limonite, fine-grained biotite (SUTO 28) or greyish chlorite 
(SUTO 24) together with calcite. Limonite often forms pseudomorphs of 
original aegirine.
In the partly feldspathized ijolitic xenoliths pyroxene ranges in 
composition from diopsidic aegirine augite to aegirine. During carbonation 
the diopsidic cores are often flecked with calcite while the aegirine-rich 
border remains intact, although in many cases pyroxene is completely pseudo­
morphed by greyish turbid ’ghosts’ in which relic blebs of pyroxene occur 
amidst calcite, limonite and magnetite (SUTO 33)»
In many instances, however, the pyroxene recrystallizes as idiomorphic 
prisms, surrounded by interstitial calcite (e.g. SUTO 363). This pyroxene 
persists in the carbonatite (especially in the central zone) after the 
disappearance of feldspar, but is often accompanied by apatite. Thus
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aegirine-apatite carbonatite is common in the central zone of Limekiln Hill. 
SUTO 23 and 26, for example, contain euhedral pyroxene up to 1.3 cm. in 
length, some of them grouped in stellate clusters, a texture which suggests 
recrystallization. Banded structures may be produced, by the concentration 
of pyroxene and apatite in vague layers, and fold structures occur in places. 
Although pyroxene and apatite show some alignment in these structures 
(SUTO 74), no crystallographic orientation is detected in the calcite, which 
evidently crystallized afterwards. An unusual texture occurs in SUTO 40, 
Crystals of calcite are surrounded by fringes of aegirine crystals enclosed 
in small calcite grains. These circular structures are separated by areas 
of medium-grained carbonatite free from aegirine, but there are gradations 
towards areas with abundant aegirine and calcite in fine-grained intergrowth, 
as patches in medium-grained carbonatite, which seem to represent transitions 
from the feldspar-altered nepheline-aegirine xenoliths present in the rock. 
The composition of the pyroxene which is present in these carbonatites is 
an aegirine-rich aegirine augite (see appendix, p.ZOi^). It was evidently 
stable under the PT conditions prevailing at the time of the emplacement 
of the carbonatite of the central zone.
iit a later stage, however, the pyroxene often shows alteration, for 
example alongside some of the late veins. The most common alteration, as 
in the carbonatite of the eastern zone, is to magnetite, together with blebs 
of golden biotite and greyish chlorite (SUTO 28), in a matrix of calcite.
The proportion of magnetite increases as alteration is more marked, towards 
the vein. Occasionally a pale blue-green amphibole fringes the pyroxene 
(SUTO 32) but this is not common. A similar amphibole is found associated 
with calcite veins in xenoliths of pyroxenite (SUTO 324) and ijolite (SUTO 
33). In SUTO 324 it evidently precedes the development of biotite associated 
with later limonite veinlets.
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Qther minerals derived from the xenoliths. Nepheline is repre­
sented only by turbid alteration products and these become gradually replaced 
by calcite until the final shreds disappear. Cancrinite, occurring in the 
cores of feldspathized ijolitic xenoliths, does not survive in the carbona­
tite.
The biotite which develops in the altered fragments of the agglomerate 
is considered to be associated with the incoming of carbonate. It has not 
been possible to establish with certainty whether the biotite develops in 
the ijolitic rocks before or after the potash feldspar, although the presence 
of biotite as an intermediate layer between the ijolitic core and the felds­
pathic rim suggests that the biotite formed before the feldspar. The 
sequence suggested is as follows:
MINERALS DEVELOPED: HYDRONEPHELINE - BIOTITE - POTiISH FELDSPAR - CALCITE
(CANCRINITE)
1. Hydration ---------------------
2. Potash metasomatism
3. Carbonation —
Corresponding with: inner ijolitic - biotite- - feldspathic - carbonatite
core rich layer rim
The association of biotite and carbonate is illustrated by SUTO 623, a 
nepheline syenite, in which biotite is confined to the vicinity of calcite 
veins. At other complexes, biotite appears to form by reaction between 
carbonatite and alkali silicate rock (cf. Saether, 1937, p.8l and 
Wimmenauer, 1962, fig. 3); Garson at Tundulu suggests that biotite develops 
in melanephelinite during carbonation (1962, p.136).
At Tororo, however, the development of biotite appears to be a 
transient phase, for seldom does the biotite of the xenoliths occur in the 
carbonatite after assimilation. Biotite does occur in the carbonatite of
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SUTO 40, and crystals tend to assume euhedral outlines; it has the same 
orange to brown colour that is characteristic of biotite in the fragments.
In most Cases, however, biotite disappears when the xenoliths disintegrate. 
This suggests that in the conditions under which the central carbonatite 
of Limekiln Hill was emplaced, biotite became unstable. At this stage 
the constituents of the biotite were probably contained in the two minerals 
potash feldspar and aegirine-rich aegirine augite.
Subsequently, however, biotite developed again, by the breakdown of 
pyroxene in the carbonatite. This biotite is fine-grained and associated 
with magnetite (SUTO 28, 29). Both magnetite and chlorite may eventually 
replace the biotite (SUTO 67).
Of the apatite and sphene which are common in many of the xenoliths, 
only apatite remains in the carbonatite, and sphene is replaced by iron- 
titanium oxide. The apatite occurs as small granules and occasional prisms, 
often disposed around the grain boundaries of calcite crystals. Some of the 
apatite crystals are corroded by calcite, but it is not known to what extent 
apatite is derived from xenolithic material. Some apatite contains numerous 
small rod-like inclusions of a brownish mineral; these are not, however, the 
same as the inclusions of fluid, gas bubbles and various nearly isotropic 
crystals described by Wimmenauer (I963, p.24l).
Melanite is not often seen in the ijolites around the carbonatite, but 
in one specimen of carbonatite (SUTO 382) melanite occurs in relics of 
ijolite. The melanite is euhedral in outline but is rimmed or pseudomorphed 
by iron-titanium oxide. This carbonatite contains sweeping, banded struc­
tures consisting of pyroxene-rich streaks with abundant apatite, some 
magnetite and melanite, separated by layers of purer calcite and occasional
patches of fluorite.
Pyrite is a fairly common mineral, forming small patches in the carbona-
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tite of Limekiln Hill, This and pyrochlore are not derived from xenoliths.
2. The main Tororo carbonatite
Xenoliths are not common in the main carbonatite, although streaks of 
non-carbonate material are to be seen in every outcrop. SUTO 94 is one 
example of carbonatite containing silicate xenoliths, from the southern 
exposures of Reservoir Hill. The xenoliths appear to be of original 
nepheline-bearing rock, which now consist of turbid material, groups of 
aegirine crystals, and red-brown biotite in the form of granules and 
poikilitic plates. A blue-green fibrous mineral in places pseudomorphing 
aegirine is probably chlorite, and a prismatic mineral of higher birefrin­
gence and oblique extinction seems to be a sodic amphibole. Some cloudy 
orthoclo.se and a small amount of magnetite are present.
From the central part of Tororo Rock, specimens of carbonatite were 
found to contain xenoliths of quartz-bearing, but fenitized, granite. In 
SUTO 123, these xenoliths consist of potash feldspar in the form of quite 
large crystals of microcline many of which are replaced around the edge by 
untwinned orthoclase, independent crystals of orthoclase, and patches and 
channels of fine-grained texture which contain abundant ferruginous 
material including opaque ore. Quartz is rimmed with ore. In SUTO 120, 
the quartz is of two types; part of it is evidently of xenolithic origin, 
consisting of crystals and aggregates rimmed and traversed by hair-like 
veinlets of ferruginous material with a mossy texture suggestive of former 
aegirine, but much of the quartz has recrystallized interstitially between 
calcite grains. Late veinlets of quartz also occur, with textures varying 
from polygonal granules to large crystals. The remainder of the rock 
(SUTO 120) consists of an irregular mosaic of slightly cloudy calcite with 
dispersed anhedral magnetite and abundant apatite full of inclusions; pyro- 
chlore forms turbid, yellow crystals about 0.1 mm. across.
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Magnetite is present in almost every outcrop on Tororo Rock. It 
becomes especially abundant tov/ards the centre of the carbonatite mass, 
and stands out on weathered surfaces as clusters of octahedra, frequently 
concentrated in streaks and layers. Sometimes the crystals are broken, 
and veined by calcite, and it is concluded that at least some of the calcite 
crystallized later. In some instances, magnetite is intergrown with biotite 
which it apparently replaces (SUTO 113)• The biotite is not always replaced 
by magnetite, but often accompanies it as independent crystals, many of 
which have pronounced or opened cleavages, and are pleochroic from pale to 
dark brown.
Apatite is also abundant in the carbonatite of the main mass. Sometimes 
it occurs as aggregates enclosed in carbonatite, suggesting a xenolithic 
origin. In SUTO ll4 patches of apatite-rock consist of a granular mosaic 
of apatite crystals which contain bleb-like inclusions, together with mag­
netite, occasional ragged plates of biotite, and the altered remnants of a 
prismatic (silicate ?) mineral. The rock is net-veined by calcite and 
grades into carbonatite. Often the apatite grains lie around the boundaries 
of calcite crystals and show no alignment although concentrated in strings 
and layers; the apatite crystals are sometimes embayed by calcite and des­
pite their interstitial habit are probably earlier than the calcite.
Pyrochlore occurs in many of the carbonatite specimens from the main 
mass, as pale yellow, cloudy octahedra up to 0.3 mm. across.
Other minerals occur only sporadically. Colourless diopside fringed 
with wollastonite forms an overgrowth on magnetite in SUTO 131. In a few 
specimens, a pale amphibole occurs, which is probably tremolite; SUTO 97 
from Reservoir Hill consists of coarse-grained calcite (2 mm.) with magnetite 
and apatite along intergranular boundaries, together with rather altered 
crystals of amphibole speckled with limonite and calcite. Some of the
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amphibole e.ncloses pale phlogopitic biotite. The amphibole is altered in 
patches to a deep blue-green sodic variety with lower birefringence, which 
is intergrown with biotite.
In a few specimens (e.g. SUTO 106) sheaves of radiating needles, 
brownish and of high birefringence, resemble the rare-earth carbonates of 
the bastnaesite group described by Garson at Tundulu (1962, pi. XII), but 
the mineral is not found in sufficient abundance for separation.
3o Texture of the carbonatites
Mention has already been made of macroscopic structures of various kinds. 
The most conspicuous are the xenoliths of silicate rock in the carbonatites 
of Limekiln Hill, These stand out on weathered surfaces against the less 
resistant calcite. nil stages in the assimilation or dispersal of xenolithic 
material can be seen; patches of silicate rock become detached from one 
another by the penetrating carbonatite, and trails of small fragments indicate 
that the carbonatite has swept round the xenoliths in a manner suggesting 
flow (fig. 3o21, and compare Garson & Campbell Smith, 1938, fig, 4).
The minerals which survive carbonation and the alteration products of 
assimilated silicate rock also become concentrated in vague, discontinuous 
layers in carbonatite. This "flow-banding” is characteristic of many of 
the carbonatites from other complexes. At Fen, Saether regarded such struc­
tures as indicative of plastic flow in the solid, and supported his theory 
with evidence from petrofabric studies of the calcite (1937, p.9l). At 
Tororo, in contrast with Budeda, the carbonatite shows evidence of its 
intrusive emplacement, but it is not possible to draw conclusions as to the 
physical state of the carbonatite at the time of emplacement. If the car­
bonatite were entirely fluid, it might be expected to crystallize with random 
crystal orientation and perhaps chilled margins. If it were emplaced as a 
"crystal mush", one might expect to recognise crystals of more than one
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generation, possibly of different compositions, and with crystal orientation 
produced by flow. If the mass were emplaced in the solid, as a "marble 
diapir", crystal orientation, twinned crystals, strained crystals and even 
brecciated textures might be expected. On the other hand, an oriented fabric 
could be the result of metamorphic recrystallization under stress after the 
emplacement of the carbonatite, and is therefore not conclusive. Further­
more, recrystallization after its emplacement may have destroyed earlier 
textural features.
In parts of the Limekiln Hill carbonatite the textures suggest con­
siderable recrystallizationo The rocks are banded, with layers of fairly 
coarse-grained pyroxene, but the bands are seen to have feathery or dendritic 
outlines in detail; sometimes the pyroxene is concentrated along the edges 
of bands of pure white coarse-grained calcite, the prisms of pyroxene being 
perpendicular to the margins or in parallel or slightly radiating groups 
(fig. 3.22).
Other layered structures appear to be produced by shear movements, both 
the calcite and the pyroxene/chlorite layers becoming fine-grained and assuming 
a platy parallelism (figs. 3.22, 3.23). Platy structures are also seen in 
specimens of reddish coloured carbonatite from Tororo Pock; SUTO 121 in 
thin section consists of oval grains of calcite with a parallel direction of 
elongation which enclose rods or lamellae of limonite and haematite. The 
lamellae are almost parallel from one crystal of calcite to another. They 
do not sweep round magnetite crystals. The origin of the lamellae is not 
clear, but the parallel structure is considered to be related to shear move­
ments.
Most of the carbonatites consist of a mosaic of calcite crystals ranging 
in grain-size from 0.1 mm. (SUTO 4) to 1 cm. (SUTO IO3). The crystals are 
frequently rimmed with limonite.
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Some of the pure carbonatites from Limekiln Hill consist of calcite 
crystals of two sizes, a texture which can be seen in thin section or en­
larged peels. The rocks consist of round or oval coarse-grained calcite 
(1 to 4 mm.) set in a groundmass of fine-grained granular calcite (fig. 3.24) 
Such a texture might be produced in a number of different ways: by magmatic 
crystallization in two stages (i.e. porphyritic), by brecciation (i.e. a 
mortar texture), or by the invasion of one carbonatite by another. The 
first possibility is not considered likely in view of the anhedral nature 
of the large crystals, and the presence (in SUTO l60) of aggregates of 
several calcite crystals as "fragments" in the groundmass. Twin lamellae 
of the larger crystals are sometimes bent, and occasionally crystals are 
broken and slightly displaced (fig. 3.23). These observations, together 
with the fact that the large crystals are sometimes more turbid than the 
calcite of the groundmass (SUTO 393) suggest that the larger crystals and 
fragments represent "xenoliths" of earlier carbonatite. In some rocks the 
larger carbonate crystals are quite closely spaced, but there is insufficient 
evidence to support the idea that the carbonatite v/as emplaced as a "crystal 
mush".
6, Dyke rocks
(a) Carbonatite
A few carbonatite dykes are relatively thick; one in the large quarry 
on the west side of Limekiln Hill is 1 ra. wide and dips steeply to the west. 
There is, however, a range in size to veins less than an inch wide. They 
are straight, well-defined, usually of dilational type, and run in many 
different directions. They also range from steeply dipping to horizontal. 
They do not show an obvious pattern, but further study might reveal their
relationships.
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Most of the dykes are grey when fresh but brown-weathering. In thin 
section they are found to consist of fine-grained carbonatite with magnetite, 
sometimes biotite, and chlorite in varying amounts. Some contain only 
calcite grains rimmed with limonite. Magnetite often occurs as small crys­
tals with prismatic shape and is partly altered to limonite, but in the 
presence of biotite or chlorite the magnetite is more commonly dispersed as 
small, euhedral granules (SUTO 23). Here the chlorite forms groups of 
fibrous crystals in radiating rosettes, pleochroic from blue-green to brownish 
or yellowish green, and penetrating into the calcite background. Many of 
these dykes contain occasional crystals of turbid feldspar, and apatite.
The larger dykes are sometimes streaky or banded. The dyke in the 
main quarry consists of six zones, each about 13 to 20 cm. wide and not 
symmetrically arranged, which vary from magnetite-rich to pure carbonatite.
The dark, magnetite-bearing rock from the western margin consists of elongate 
calcite crystals perpendicular to bands consisting of magnetite euhedra, 
brown biotite and blue-green chlorite (SUTO 379A). The light-coloured 
carbonatite zones, however, contain prisms of calcite 1 mm. in length aligned 
in conspicuous flow structures parallel with the general banding (SUTO 379B).
Rather similar textures are encountered in some narrower dykes which 
have very pronounced light and dark banding, SUTO 363, for example, contains 
calcite prisms up to 3 mm, in length aligned in a comb structure perpendicu­
lar to magnetite-rich bands. The magnetite forms dendritic or arborescent 
growths with calcite (fig. 3.26). One of these dykes, from the north side 
of the large quarry, displays an interesting "fold" structure which is con­
sidered likely to form the upper limit of the dyke (figs. 3.27, 3.28). The 
texture of the banded dykes suggests that they were formed under hydrothermal 
conditions; in the case of the large dyke the presence of flow structures in 
some zones indicates conditions fluctuating between magmatic and hydrothermal.
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Several of the narrow carbonatite dykes have an unusual texture in 
which lath-like crystals of calcite, 0,1 mm, in length, are aligned and 
often show sweeping flow structures (fig. 3«29); these crystals are set in a 
fine-grained, often turbid, groundmass of calcite and hydrated iron ore. 
Various explanations are possible:
l) that the dykes represent microporphyritic carbonatite, the calcite having 
crystallized in two stages, (but the blunt-ended rectangular habit of the 
larger crystals is unusual for calcite); 2) that the texture is produced by 
recrystallization under stress, with the survival of certain appropriately 
oriented twin lamellae of calcite, (but this explanation does not account 
for the more ferruginous nature of the groundmass between the calcite 
crystals, and the curved "flow" structures in some specimens); 3) that the 
laths represent pseudomorphs by calcite of an earlier mineral. Two minerals 
of this habit which might be expected are feldspar and melilite, and of these 
feldspar is considered the less likely since the rocks do not show any par­
ticular resemblance to the trachytic dyke rocks of these complexes. The 
laths do, however, resemble melilite both in external outline and in the 
occurrence in some crystals of a median parting. Unfortunately, no actual 
relics of an earlier mineral have been recognised. The replacement of 
melilite by calcite in alnoite dykes is, however, recorded by Garson at 
Tundulu (1962, p.162); here, relics of the original alnoite remain, notably 
phenocrysts of biotite, augite and titanomagnetite, and apatite. At Ruri, 
McCall (1963) has described carbonatites very similar to these dyke rocks 
from Tororo, and although no melilite remains, he concludes that the laths 
represent pseudomorphs of this mineral. McCall considers that carbonatization 
occurred before the emplacement of the dykes, but the writer doubts whether 
the melilite pseudomorphs would survive mobilization as carbonatite.
93
It is concluded that the dykes at Tororo probably represent original 
melilite-bearing rocks, and may be termed alnoitic carbonatites. The 
association between these dykes and a group of less carbonatized lamprophyric 
dykes containing biotite, magnetite and apatite (some with hornblende and 
pyroxene) may be noted (fig. 3.30).
Fluorite is abundant in a few of the narrow carbonatite dykes. In the 
new quarry west of Limekiln Hill, for example, dark brown veins, up to 
2 cm, wide, consist almost entirely of fluorite, patchy from colourless to 
purple in thin section, with some calcite. Both fluorite and calcite are 
rimmed by fine-grained aegirine and chlorite, Xenocrysts of feldspar, 
probably derived from the adjacent orthoclasite, are enclosed. Fluorite is 
also found alongside magnetite carbonatite dykes, where it penetrates both 
the carbonatite host rock and the dykes (fig. 3*31)•
Some specimens of an unusual variety of carbonatite were obtained from 
the large quarry, but the rock was not seen in situ. It consists of numerous 
black or dark brown spheres with very smooth surfaces, in a matrix of calcite 
(fig. 3.32), Host of the spheres are about 4 ram, in diameter, but occasional 
fragments of larger size occur; these are generally flat, rather angular, 
but smooth like the spheres, and consist of striped carbonatite with magne­
tite similar to some of the banded dyke rocks. The spherical bodies also 
consist of magnetite-carbonatite but, unlike the larger "pebbles", do not 
appear to be fragments. Their internal structure shows a regular arrangement. 
Each sphere is composed of a thin skin of magnetite, sometimes with an inner 
layer of green chlorite and calcite, and inward projections of magnetite 
tapering towards the centre, with a central core of calcite. The calcite 
tends to form elongate crystals, which are concentrically arranged between 
the projections of magnetite, but are variously concentric or random in the 
central zone (fig. 3.33). Mineralogically, and in some ways texturally.
94
the spheres resemble the banded carbonatite dykes of probable hydrothermal 
origin. The larger, flat, banded fragments of this kind of carbonatite 
which are caught up in the spheroidal rock also suggest a close connection. 
Whilst the rock has some of the character of a spherulitic rock such as a 
rhyolite, none of the usual interference between spherulites is seen in the 
Tororo carbonatite and there are no nuclei at the centres of the spherulites 
as are common in rhyolites. There are also arguments against the suggestion 
that the rock represents an arnygdaloidal carbonatite, for the "amygdales" 
are more spherical than those of common lavas and they do not coalesce even 
when almost touching. If the spheres represent infilled vesicles, the 
carbonatite must be imagined to have congealed very rapidly. Moreover, the 
fragments of banded carbonatite dyke rock cannot be explained in this way, 
yet they resemble the spheres both in their smooth external surfaces and in 
composition. The origin of this rock at present remains unsolved.
(b) agglomérate
Several dark-coloured dykes cut the carbonatite of Limekiln Hill, 
trending NNV/-SSE, and ranging in width from 13 era. to about 10 m. They 
were emplaced before some of the small carbonatite dykes, including those 
of magnetite carbonatite and alnoitic carbonatite.
The dykes are characterized by the presence of well-rounded fragments 
of coarse-grained ijolite and hornblendite. These are roughly graded in 
size according to the width of the dyke, so that larger fragments (several 
cm. in diameter) are found in the large dykes, while the narrow intrusions 
generally contain fragments under 1 cm. across. In the quarried exposures 
the fragments are seen to be sorted according to size in almost horizontal 
bands, and the ellipsoidal fragments show parallel alignment along the dyke 
in these bands (fig. 3*34). The dykes generally have selvedges up to 1 cm. 
or so in width where the fragments are very small. The edges of the dykes
cut sharply across structures and crystals of the adjacent carbonatite.
The dykes can rarely be traced for more than a few yards and are observed 
variously to wedge out, to be cut off by faults, and to divide into small 
off-shoots.
The evidence suggests that the rock fragments were brought up from 
depth in streams of gas, sorted and suspended in a fluidized system, and 
simultaneously rounded by attrition.
The most abundant fragments consist of coarse-grained hornblendite.
The crystals are anhedral and intergrown, and up to 1 cm. across. The 
hornblende is a hastingsite (see p. 216), and is pleochroic in shades of 
greenish brown. Many of the hornblendite fragments contain abundant crystals 
of pale yellow apatite. The hornblende also occurs intergrown with greenish 
diopsidic aegirine augite and a biotite which is pleochroic from pale straw 
to brown (fig. 3«33)« ^round the edges many of the hornblendite fragments 
are traversed by narrow veinlets along which the hornblende is replaced by
granular biotite, iron ore and a little calcite.
Ijelites of various kinds are common among the fragments, and consist 
of aegirine augite and nepheline, sometimes accompanied by red-brown biotite 
and opaque ore and, occasionally, raelanite. Although appearing fresh in 
hand specimen, the fragments are often altered and nepheline is replaced 
variously by a turbid mineral of micaceous habit (SUTO l64), natrolite, 
analcite, cancrinite, and chlorite, while pyroxene is corroded by calcite 
and pale brown, granular biotite. Some of the fragments consist of felds- 
pathized ijolite, but occasionally the feldspathization seems to be later, 
accompanying the emplacement of the dyke, as ijolite fragments may be partly
rimmed by alkali feldspar (SUTO 3?B).
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Other rocks represented as fragments include carbonatite, trachytes 
(including a more sodic variety than is commonly found, with phenocrysts 
of antiperthite, SUTO 63), orthoclasite, biotite rock and pyroxenite. The 
pyroxenite consists of diopsidic pyroxene having cores of titanaugite, 
together with ramifying plates of biotite, iron ore and apatite.
Crystals from the various fragmental rocks have sizes intermediate 
between those of the rock fragments and the crystals of the groundmass. 
Brownish hornblende is abundant; the crystals are rounded, and veined by 
granular biotite. Green pyroxene (diopsidic aegirine augite, having
c = 34°) is also partly replaced by biotite and calcite. Biotite crys­
tals are noticeably less altered, although deep green streaks and patches 
may represent partial replacement by chlorite. Pale-coloured biotite some­
times forms euhedral crystals which may be aligned, sweeping round the frag­
ments; this biotite is of the type which is abundant in the groundmass, and 
evidently developed in the dykes.
Other minerals of the rock fragments are more or less altered when
isolated in the groundmass: nepheline is replaced by a variety of products, 
analcite being the most common, and sphene and melanite are replaced by 
black ores and turbid leucoxene. Pyrite crystals are rimmed with black ore.
The groundmass of the dykes is somewhat variable in character. Granular 
biotite, magnetite and apatite, with interstitial calcite are the most 
common, but are often accompanied by analcite; this mineral locally becomes 
so abundant that it can be seen in hand specimen (SUTO 77) and then it is
difficult to distinguish analcite which replaces fragments from primary
crystals in the groundmass. In some cases, feldspar occurs in the ground­
mass as vug-like patches consisting of small crystals of twinned albite and
of albite intergrown with potash feldspar (SUTO 62). 7^
Some of the narrow intrusions from the southern quarry are lighter 
coloured than many of the dykes on the rest of the hill, having a light grey 
matrix and containing small (less than 1 cm.) fragments of magnetite and 
phlogopitic biotite, both as independent crystals and intergrowths together 
with apatite. The magnetite, a titaniferous variety, is rimmed with turbid 
leucoxene. Other fragments include carbonatite, altered nepheline, and 
aggregates of sphene and melanite. The groundmass consists largely of 
carbonate and alkali feldspar; in places, rhombic carbonate crystals are 
surrounded by interstitial granular alkali feldspar which was the last to 
crystallize. Biotite in the groundmass is partly replaced by alkali feldspar.
The agglomerate dykes are of particular interest since they bring to 
the surface examples of rocks occurring otherwise only at depth, Ultrabasic 
types are seldom seen at present levels of erosion in the East African com­
plexes, although pyroxenites, glimmerites, hornblendites and dunites have 
been recorded from boreholes at Bukusu (Davies, 1936, pp.4l-44). So far 
no olivine or its alteration product has been recognised at Tororo.
The dykes in some, respects approach a lamprophyric character, owing 
to the preponderance of dark minerals in an alkaline (and carbonated) 
groundmass. The composition of the dykes, however, is arrived at by the 
mixing of an assortment of fragments, and much of the groundmass is 
evidently derived by the breakdown and reconstitution of these fragments.
Thus it seems irrelevant to classify the dykes on the basis of their 
mineral content. The following is a summary of the minerals which by their 
alteration contribute to the groundmass:
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ROCK
FRAGMENTS
Apatite-
Hornblendite
Ijolite
Orthoclasite
Carbonatite
CRYSTAL
FRAGMENTS
Hornblende
Apatite 
) Pyroxene 
Nepheline 
Sphene 
- Melanite 
-> Feldspar
RECONSTITUTED 
DYKE ROCK
Biotite (+ chlorite)
I^patite
ilnalcite 
Magnetite
Calcite -> Calcite
Although the dykes may have formed entirely from pre-existing fragmen­
tal material, the gases responsible for their emplacement probably con­
tributed additional potash, CO^ and water. Had the processes of alteration 
proceeded to completion, the dyke rocks would presumably consist entirely 
of biotite, magnetite, and apatite in a matrix of analcite or alkali felds­
par and calcite. Such rock types would approach ouachitite in the case of 
analcite-bearing rock (cf. Johannsen, 1938, IV, p.391) and minette where the 
rock contains feldspar rather than analcite.
Lamprophyric types containing a variable amount of carbonate are 
recorded at many alkaline complexes, including Alno and Tundulu. The Tororo 
dykes bear a fairly close resemblance to the rock described by von Eckermann 
as a calcitic alnoite (1948, PI.36, fig. l) which contains abundant horn­
blende and biotite, the former in particular as rounded grains of corroded 
appearance. The biotite-rich groundmass of the Tororo dykes, on the other 
hand, is fairly closely matched by von Eckermann’s biotite beforsite (1948,
p.119).
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Small, buff-coloured intrusions, ^0 cm, or so in width, occur in the 
fenitized Basement Complex rocks exposed in the eastern part of Tororo. 
They are holocrystalline, with a fluidal texture in the larger crystals, 
and consist of phenocrysts of cloudy potash feldspar in a groundmass of 
feldspar laths, with tufts and aggregates of limonite which probably 
replaces aegirine. The trachyte analysed (see table IV) is very rich in 
potash, as are the very similar rocks from Toror (see figs. 4.20, 4.21).
In some specimens occasional rectangular and hexagonal pseudomorphs of 
nepheline (?) occur, now represented by micaceous aggregates fringed by 
crystals of orthoclase.
Some patches of coarser-grained feldspathic material can be seen in 
thin section, but there are no recognisable xenoliths of Basement such as 
are to be found in the Toror trachytic rocks. At Toror, the trachytes 
can be shown to be related to the potassium-rich feldspathic fenites, of 
which they apparently represent the mobilized equivalents, and a similar 
origin is inferred for the trachytes at Tororo.
7. Secondary carbonate deposits
On the hillside around the summit of Reservoir Hill occurs an arcuate 
belt of secondary carbonate rocks, and isolated pockets are to be found 
locally elsewhere. The secondary nature of the deposit is evident by the 
existence in it of snail shells, although the appearance of the rock itself 
is deceptive, for it is a well cemented, compact breccia containing a con­
centration of magnetite (with haematite and limonite) in clumps and some­
times recognisable crystals, together with apatite, and fragments of 
calcite-rock. The matrix is reddish brown owing to the presence of much 
ferruginous material dispersed in the calcitic cement.
8* Derivation of the Tororo rocks
(a) Fenites
Two zones of fenite occur at Tororo: granitic and syenitic, and there 
is no development of nepheline-bearing (pulaskitic) fenite at the present 
level of erosion, Fenitization follows the characteristic pattern, which 
consists of mechanical granulation succeeded by metasomatic alteration.
At Tororo there is not a marked difference in texture between the 
rocks in the two zones of fenites as there is at Budeda. Although the 
network of mechanically formed channels is much more closely spaced in the 
syenitic zone, the v/idespread development of crush textures characteristic 
of the fine-grained banded syenites of Budeda is not found at Tororo.
The development of new minerals (soda amphibole, aegirine and alkali 
feldspar) has already been described (p. 60 ), Chemical analyses of some 
of the fenites are included in table IV. Allowing for some initial variation 
in composition among the original granites, the principal metasomatic changes 
during fenitization can be traced. SiO^ is substantially reduced, but there 
is significantly no increase in alkalis in the granitic fenites, as shown 
by fig. 3.36. In the syenitic fenites, a slight increase in potash can be 
recognised, accompanied by a corresponding decrease in soda. The most marked 
metasomatic changes involve an increase in femic constituents; fig. 3#37 
illustrates this trend, which is shown by Fe^O^, FeO, and TiO^ , and also by 
MgO and MnO.
The phenomenon of fenitization cannot be ascribed directly to the 
influence of the carbonatite, for the carbonatite transgresses the fenite 
zones and penetrates granite south of Limekiln Hill. The source of the 
metasomatic emanations may have been the carbonatite at a lower level, or 
a magma parental to the carbonatite. The metasomatism which is demonstrably 
related to the carbonatite at its present level is feldspathization, a
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Table TVA. Alkaline silicate rocks from Tororo
27 28 29 30 31 32 33 34 35 36
SiO^ 54.63 63.86 67.01 72.99 37.84 54.56 60.90 31.14 43.34 60.57
TiOg 0.36 0.72 0.79 0.18 0.41 0.36 0.23 0.44 0.39 0.46
Al^O 11,40 16.73 14.63 14.64 13.15 11.92 15.95 14.69 13.95 13.60
.e,03 7.41 4.05 3.54 1.26 11.23 6.93 5.89 1.12 5.69 7.20
FeO 1.87 0.49 0.34 0.06 0.83 0.49 0.l4 2.33 3.96 0.00
MnO 0.99 0.35 0.23 0.10 0.14 0.30 0.23 0.16 0.27 0.14
MgO 1.95 0.54 0.93 0.01 0.12 0.08 0.03 0.04 1.38 0.00
CaO 4.98 1.59 0.81 1.11 2.24 8.01 1.35 8.68 12.40 0.11
Ka 0 5.11 5.16 6.06 4.09 4.43 3.77 3.39 1.08 3.97 0.49
K,0 5.25 5.53 5.19 5.63 8.31 6.86 9.92 10.43 5.89 13.71
0.13 0.07 0.03 0.08 0.42 0.17 0.29 1.03 0.01 0.09
0.70 0.88 0.20
0.43 1.29 0.91 1.03 0.32 2.62 2.00
H^O- 0.06 0.09 0.03
CO^ 3.53 0.07 0.08 0.08 1.11 4.91 0.19 7.00 4.40 nd
BaO 0.08
98.63 100.32 100.11 100.66 100.76 99.50 99.60 97.68 99.67 100.43
Nos. 27-33, anal. H. Blackley. 36, anal. D.S.S.
27. Fenitized granite SUTO 3OI, E knoll. 28. Fenitized granite
SUTO 309, E Icnoll. 29. Fenitized granite SUTO 3l4, 30 ft. from SUTO 309#
30. Only very slightly fenitized granite SUTO 310, East Road.
31. Syenitic fenite SUTO 329, V/ of carbonatite contact, lower quarry,
W Limekiln Hill. 32. Syenitic fenite SUTO 398, SE slope Limekiln Hill. 
33. Feldspathized syenitic fenite SUTO 329F (part of spec. 329, anal.
31). 34. Feldspathic rock SUTO 336, some 20 ft. E of SUTO 329.
33. Nepheline syenite SUTO 38, NE slope Limekiln Hill. 36. Trachyte 
dyke, East Road.
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Table IVB. C.I.P.W. Norms of the Tororo analyses
27 28 29 30 31 32 33 34 33 36
q 4.^7 9.08 11.00 23.32 2.89 6.63 2.33 3.32 3.27
c 1.39
or 31.08 32.69 30.69 33.30 30.32 40.39 38.66 61.72 34.86 81.12
ab 29.29 43.60 46.22 34.38 20.12 23.00 26.67 9.12 6.92 3.77
an 6.12 4.89 2.81
ne 14.43
ac 12.24 4.39 13.43 7.81 1.76 0.32
CaSiO 
di MgSiO^ 
FeSiO^
0.46
0.31
0.12
0.38
0.33
1.33
1.13
0.02
0.02
0.33
0.30
0.23
0.20
0.14
0.12
6.38
3.93
2.09
wo 0.02 0.32 2.99 1.96 4.06 0.02
hy
MgSiO
FeSiO^
4.34
1.61
1.01 1.21 0.10
2.93
mt 4.39 0.63 0.19 1.93 2.13 0.33 1.62 8.26
hm 3.62 1.89 1.26 4.36 2.73 4.91 7.10
il 1.06 1.37 1.30 0.33 0.78 0.68 0.47 0.84 1.12 0.30
ap ' 0.30 0.17 0.13 0.18 1.01 0.40 0.67 0.06 2.39 0.20
cc 8.02 0.16 0.18 0.18 2.32 11.16 0.43 13.44 10.00
ru 0.01 0.30
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phenomenon of only minor importance during the earlier fenitization. Even 
so, the carbonatite invades rocks which are already feldspathized.
(b) Ijolite and nepheline syenite
The development of the ijelites cannot be traced at Tororo as it can
at Budeda and Napak, but from their similarity with many of the ijelites of
these complexes, a comparable history can be inferred. There is some 
evidence, from thin sections such as SUTO 628 (p. 71 ), for a differentiation 
sequence towards wollastonite urtite and a rock consisting of melanite, 
calcite and alkali feldspar. It has been inferred (p. 69 ) that nepheline
syenite represents a marginal facies of ijolite and, in view of this, it
might be suspected that the nepheline syenite developed as a result of 
contamination of the ijolite by the adjacent fenites. In fig. 3.38 compo­
sitional data of the nepheline syenite SUTO 38 (see table IV) are plotted, 
together with those of a syenitic fenite SUTO 398, and selected ijolites 
from Napak (p. 223), in terras of oxide variation with respect to percentage 
SiO^ . This diagram shows that simple mixtures of ijolite and syenitic fenite 
would not correspond in composition with the nepheline syenite, chiefly 
because the fenite contains insufficient potash.
In fig, 3.39 compositions of the nepheline syenite and the ijolites 
are plotted together with that of the feldspathized syenitic fenite SUTO 329E. 
The closer correspondence shown in this diagram compared with fig. 3.38. 
suggests that, if contamination of the ijolite has occurred, the most probable 
rock type incorporated is a potash-rich feldspar rock. Two discrepancies 
shovm by fig. 3.39 cast some doubt on this explanation; these are the high 
percentage of FeO .and low percentage of MgO in the nepheline syenite.
Although the high FeO could be explained by the presence of a biotite rich 
in Fe"^  ^in the feldspar rock (cf. SUTO 336, table IV), the low MgO cannot 
be explained.
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It may be noted that no feldspathic xenoliths have been observed in the 
ijolite or nepheline syenite that might lend support to the origin of the 
latter by contamination.
An alternative explanation is that the ijolite became modified meta­
somatic ally from a magmatic source, at depth. In view of the feldspathi­
zation that occurred in the ijolite adjacent to carbonatite at its present 
level, it is not unreasonable to suppose that a previous episode of felds­
pathization may have occurred when the carbonatite was at a deeper level.
A similar process is considered to be responsible for the development of 
cancrinite syenite and foyaite at Budeda (p. 32 ).
(c) Carbonatite
The carbonatite represents the last of the major intrusions in the 
complex. Since it forms the greater bulk of the complex at the present 
level, the supposition that carbonatite represents a derivative of silicate 
magma is not obvious. The proportion of carbonatite is not unduly great, 
however, if it is inferred that ijolites and ultrabasic rocks are more ex­
tensive at depth, and in relation to the nephelinitic volcanic pile which 
may be assumed to have existed before erosion (cf. Napak, p. l62).
Silicate minerals and magnetite occurring in the carbonatite have been 
shown to be derived largely by the assimilation of the wall rocks, but pyro- 
chlore represents an accumulation of the rarer elements in the carbonatitic 
residuum of the magma.
Many of the characteristics of the Tororo complex are comparable with 
those of Alnb in Sweden (von Eckermann, 1948); the sovites are petrologically 
very similar, and at both complexes late dykes of fine-grained carbonatite 
are numerous. Von Eckermann has also described feldspathic rocks which 
resemble those at Tororo. He records (op.cit., p.29) "alkorthositic fenites" 
consisting largely of "soda-orthoclase" (orthoclase with 23 to 30 per cent
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albite), and a rock which he interprets as mobilized fenite, "sovitic 
alkorthosite" which contains 80 per cent feldspar (Or^  ^“^^ 2^1^  together 
with pyroxene and calcite (op.cit., p.46). A notable difference is that 
at Alnb feldspathization appears to represent part of the process of feni­
tization, whereas at Tororo the two processes are separable in time.
There is not at Tororo the range in silicate rocks that occurs at Alnb. 
Nevertheless, in the region of Limekiln Hill, it is possible to recognise a 
succession of zones, passing through granitic fenite, syenitic fenite, 
nepheline syenite and ijolite to carbonatite. It is emphasized, however, 
that fenitization is nowhere observed to proceed to the development of 
pulaskitic fenite. The boundary between the nepheline syenite and syenitic 
fenite appears, on the limited evidence available, to be intrusive; there 
is,moreover, no reason to suppose that the nepheline syenites are related 
to the fenites; on the contrary the evidence suggests derivation from 
ijolites. There is, therefore, at Tororo no support for von Eckermann’s 
claim that nepheline syenites and ijolites are derived by a process of feni­
tization of Basement rocks by carbonatite magma. On the evidence available, 
the carbonatite appears to represent a derivative of ijolite.
At Alnü, von Eckermann considers that the carbonatite magma occurs as a 
capping to a column of parental melilite basalt (I96I, p.34); the nature of 
this parental material is inferred from the existence of numerous dykes of 
alnoite and kimberlite. At Tororo, however, the only evidence for the 
existence of such a rock type is the presence of dykes of supposed carbonated 
alnoite. Further discussion of the nature of the parental material will be 
found in the concluding section (p. 198).
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P/-iRT IV: THE COMPLEX OF THE TOROR HILLS
Introduction
The Toror Hills lie approximately 33 miles northwest of Moroto town, 
in the Karamoja district of eastern Uganda (lat. 2°42'N to 2°34’N, long.
34 3'E to 34 12’E). Although all trace of the volcanics has been removed 
by erosion, the complex is generally considered to be more or less equi­
valent in age to the nephelinite volcanoes of Elgon, Kadam, and Napak, 
which were built up during the Miocene and Pliocene. Trendall (1939) 
accounts for the greater erosion at Toror by postulating that an erosion 
scarp (visible beneath the volcanics at Kadam) passed through Toror after
the formation of the volcano. There is, however, no evidence to support
\
his suggestion, and the writer considers that Toror might well be older 
than the Tertiary volcanoes. The complex in many respects resembles 
Sukulu in southeast Uganda, and Tundulu in Malawi (Nyasaland); Tundulu is 
Mesozoic in age. Material from Toror is currently being investigated for 
age determination at Toronto, and the results will be of great interest.
The intrusive complex, over two miles in diameter, is formed of car­
bonatite, surrounded by altered gneisses of the Basement complex in v/hich 
are emplaced dykes, plugs and irregular patches of potash-trachyte and 
other feldspathic rocks. The carbonatite (plate 3) is cut by a central 
mass of phonolitic breccia, and all these rocks are extensively invaded by 
dykes, sheets and plugs of phonolite. The outer part of the carbonatite 
and its marginal zone of brecciated rocks form a circular group of hills 
rising to 2000 feet above the level of the surrounding plain; the inner 
part of the carbonatite is poorly exposed in a bowl-shaped depression.
The phonolite intrusions, by their relative resistance, form features of 
varying prominence, including the highest point, Toror Peak itself (638O ft.).
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The main intrusions were emplaced successively one within the other, 
with a marked shift in focus tov/ards the east-southeast. Fig. 4.1 shows 
that the phonolite dykes tend to be either radially disposed about the 
second (phonolite breccia) centre, or to be aligned with the north-south 
foliation of the Basement complex. In addition, two conspicuous lines of 
phonolitic intrusion, intersecting in the position of the large plug of 
Nyanga, suggest an episode of fissure-eruption in the late stages of the 
activity of the volcano, after the central vent had been plugged by 
phonolitic breccia.
Wayland visited the Toror Hills during his early reconnaissance work, 
and recognised their connection with the volcanics of eastern Uganda (1920); 
he also noted the presence of limestone (1926). The first important refe­
rence to Toror was made by Bisset (1933)« He recognised all the main rock 
types, including limestone, phonolite, tinguaite and "light coloured buff 
or fawn feldspathic rocks, locally spherulitic". This reference to felds­
pathic rocks is of interest; he was obviously able to compare them with the 
similar rocks occurring in the Nyasaland vents that he had studied previously. 
Unfortunately his lead was not followed up by Du Bois, in whose comprehen­
sive account (1936) no mention is made of the feldspathic rocks. Du Bois 
mapped the complex on a scale of 1:13,000 and his account represents a 
general description of the petrology, mineralogy and history of the complex; 
a summary exists in published form (1939). In addition, a detailed minera- 
logical study of some of the phonolites was carried out by Hytonen (1939).
The present study is based on detailed mapping of, and collection from, 
two selected parts of the complex in the north and northwest where the 
writer sought to establish the relationships between the various rock types 
(plates 4 and 3). Particular attention was paid to the silicate rocks.
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since the carbonatites seemed to have been adequately studied. In the 
northern sector, however, it was found that the carbonatite marginally con­
sisted of a number of narrow, steeply dipping sheets intercalated among 
breccia, rather than the continuous simple boundary indicated by Du Bois,
It is evident that much further useful work could be carried out on the 
carbonatites. The chief contribution made by the present study is the 
revelation of the importance of feldspathic rocks including trachytes which, 
as chemical work has shovm, are highly potassic. ix brief visit to the 
eastern side of the complex showed that these rocks are present here as 
well as in the sectors mapped in detail; it was not possible to visit the 
less accessible western part in the time available, but it is clear that a 
reassessment of the complex as a whole is desirable.
1. The country rocks
The Toror intrusions were emplaced in rocks of the Basement Complex 
which in this area are predominantly granitic gneisses, having a foliation 
trending NNV/-SSE, which ranges from vertical to a steep dip of 80° or so 
to the east. Within these gneisses are bands of garnetiferous hornblende 
granulite, and occasional quartz-feldspar pegmatite veins.
The granitic gneisses vary from medium-to coarse-grained. Most of the 
rocks studied by the writer are fenitized to some extent, but the least 
altered rocks are found to consist of twinned plagioclase (An^2)j accompanied 
by microcline and quartz, with interstitial groups of biotite crystals, 
pleochroic from pale yellow to reddish brown, which pick out a crude foli­
ation (e.g. SUT 230). Zircon and apatite are accessory, and Du Bois also
records garnet and amphibole. The relatively unaltered gneisses do not 
appear to contain untwinned potash feldspar; Du Bois' description of
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orthoclase-bearing rocks probably refers to altered gneiss.
The hornblende granulite is closely banded. Hornblende forms anhedral 
crystals up to 2 mm. in diameter, and may be intergrown with garnet. The 
hornblende is pleochroic from pale brown to olive green. The pink garnet 
contains numerous inclusions of quartz and opaque ore, and is often sur­
rounded by crystals of plagioclase, Plagioclase (Ab^ .^in^ ,^ Du Bois' data) 
and quartz form the leucocratic layers. The hornblende granulite is not 
abundant, and is found only sporadically among the granitic gneisses. Only 
one of the writer's specimens shows recognisable effects of fenitization; 
this is marked by small channels of brecciated rock seen in thin section, 
but otherwise no alteration is detected.
V
2. Fenitization
Up to 600 yards from the carbonatite boundary the granitic gneisses 
show various types of alteration. Fenites closely resembling the granitic 
fenites of Tororo are common especially in the northwest; green veinlets 
of mafic minerals are recognisable in the field, although the rocks have a 
less uniform appearance than those of Tororo ov/ing to inhomogeneities in 
the gneissic layering. In places around the northern and eastern parts of 
the complex, however, are leucocratic rocks which look very much like the 
original gneiss, but which are found on closer inspection to be feldspathic 
fenites. Both types of fenite are quartz-bearing, and alteration has only 
locally produced rocks of syenitic composition.
(a) Ferromagnesian fenites
This term is introduced merely to distinguish these rocks from the 
feldspathic fenites that are present at Toror. They are characterized by 
the presence of veinlets of dark minerals, together with some feldspar.
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The rock appears initially to have been shattered; mechanical effects vary 
from minute cracks and slight dislocation of crystals to narrow channels 
along which granulation and actual brecciation have occurred. The cracks 
tend to follow the gneissose foliation to a certain extent, and are less 
readily detected than the network superimposed on unfoliated granites at 
other complexes.
Along the channels aggregates of new dark minerals are developed; 
amphibole and aegirine are common, but in some rocks biotite is the chief 
constituent, and fibrous chlorite (or possibly amphibole*) is characteristic 
of others. SUT 218, from the summit region of the ridge in the northwestern 
sector of the complex, 400 feet from the carbonatite, is apparently a 
chlorite-fenite. The rock is net-veined by spherulitic aggregates of 
fibrous blue-green to yellow-green chlorite (?), sometimes accompanied by 
fine-grained potash-feldspar, and a small amount of fluorite (fig. 4.2). 
Biotite occurs in the veinlets of SUT 190 (lOOO feet from the carbonatite, 
north of the previous locality). The biotite forms very small equant 
crystals, pleochroic from pale yellow to golden brown. It occurs in channels 
occupied by fine-grained potash-feldspar and is accompanied by limonite and 
black ore (fig. 4.3).
Closer to the carbonatite the mafic minerals tend to consist not of 
chlorite and biotite but of amphibole and aegirine (fig. 4.4). SUT 219, 
from 100 feet west of the carbonatite in the same area as 2l8, is quartz- 
bearing, with veinlets of soda-amphibole (X (blue-green)> Y, Z (pale 
brownish-green), negative elongation, low birefringence) and deeper green 
aegirine, lying in sheaves sometimes accompanied by granular feldspar.
* The distinction between chlorite and soda-amphibole of fibrous habit 
is difficult; here it is based on extinction position.
Ill
These rocks show variable amounts of potash-feldspathization. SUT 218 
( chlorite-fenite) contains ragged plates of muscovite which may have deve­
loped from the sericitization of the plagioclase; both plagioclase and mus­
covite show partial replacement by rather turbid potash feldspar, in the 
form of micro-veins across the feldspar, and along the cleavages of musco­
vite.
Feldspathization is more pronounced in rocks such as SUT 19O (biotite- 
fenite), which contains clear (probably original) microcline, anhedral 
turbid orthoclase, and laths of potash feldspar in channels; original bio­
tite is also replaced by laths of potash feldspar. In SUT 228 corroded 
relics of plagioclase, partly sericitized, are surrounded by turbid ortho­
clase, accompanied by original microcline and quartz, and biotite shows 
replacement along the cleavages by potash feldspar laths. Fenitization 
affects some bands of the rock more than others, and locally the gneiss 
shows the extensive development of veinlets consisting of blue-green soda- 
amphibole and aegirine. In pods and patches calcite accompanies the mafic 
minerals, and is associated with acicular aegirine, the two minerals 
apparently having crystallized together. Large grains of apatite frequently 
occur in the fenites.
Locally, shattering was intense and SUT 233, from the eastern slopes of 
the complex, is an example of a fenitized breccia. In this case the frag­
ments are predominantly feldspathic (microcline and orthoclase) and provide 
evidence that feldspathization here preceded brecciation and ferromagnesian 
fenitization. Dark minerals form the bulk of the matrix of the breccia, 
and consist of soda-amphibole and aegirine.
Late ferromagnesian veinlets traverse feldspathic fenites in the 
northern part of the complex also; here (SUT I68) the veinlets consist of
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biotite, pleochroic from colourless to dark green, and showing alteration 
to opaque ore and limonite. These veinlets may be equivalent to those con­
sisting mainly of limonite, which are widespread in this area. The limonite 
veins cut trachytes which are later than the carbonatite, and suggest a 
late phase of ferromagnesian fenitization.
(b) Feldspathic fenites
Around the northern side of the complex, mafic minerals are poorly 
developed and the alteration consists predominantly of feldspathization; 
varying degrees of alteration can be observed, and quartz-free types occur 
generally only in the immediate vicinity of the carbonatite. The first 
signs of alteration are shown by the replacement of original biotite along 
the cleavages by tiny laths of feldspar (fig. 4.3). This feldspar is 
apparently potash feldspar from its relative refractive indices but its 
streaky appearance, some lamellar twinning, difficult extinction with angles 
of 30°, and variable 2V values (some some 43° in the same rock) give 
the impression that it may be crypto-perthitic. In some cases this feld­
spar is associated with a pale green chlorite (SUT II8). SUT II7 and 119 
are coarse-grained rocks rich in microcline (which may or may not be 
original) and are less altered than the fine-grained rock of SUT II8 which 
is quartz-free but collected from the same locality. Here plagioclase 
exists as corroded relics which are surrounded by turbid potash feldspar. 
Gradually plagioclase and quartz disappear and the rock consists of an­
hedral turbid orthoclase, clear microcline, and small channels of granular 
and lath-textured potash feldspar. The lath-textured areas are often 
demonstrably replacements of biotite, but in some cases they are recrys­
tallized breccia zones in well defined channels, for example in SUT I6I 
(fig. 4,6). It is notable that in the more feldspathic fenites (as distinct
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from the ferromagnesian fenites) the alteration permeates through the whole 
rock and is not confined to veinlets. SUT 242 which consists almost entirely 
of potash feldspar (collected from the eastern slopes) retains in hand- 
specimen its original gneissic foliation. In thin section it consists of 
a coarse-textured intergrowth of turbid, untwinned orthoclase (2V^ 34°) 
and subordinate microcline (2V^  83°); original biotite is replaced by 
parallel laths of potash feldspar (orthoclase, -ty 46°), associated with 
limonite and opaque ore (fig. 4.7).
At present there is insufficient information available on the relation­
ship between the different types of fenites. Whereas at Tororo feldspathi- 
zation can be recognised as a distinct, and later, stage of alteration, 
such a distinction is not clear at Toror. In the northv/estern sector, the 
alteration involves both the introduction of ferromagnesian minerals and, 
apparently simultaneously, a certain amount of feldspathization; in the 
north and east, feldspathization predominates and the veinlets characteris­
tic of fenites are seldom seen; locally, there is evidence that ferromag­
nesian fenitization is superimposed on a brecciated, already feldspathic, 
rock.
(c) Chemical composition of the fenites
Chemical analyses are given in table VA, and normative compositions 
in table VB. The course of ferromagnesian fenitization is illustrated by 
analyses 37 (relatively unaltered gneiss) and 39 (fenite with
amphibole and aegirine). SiO^ is here reduced by approximately 8 per cent; 
MgO shows a slight increase as original biotite disappears and magnesio- 
arfvedsonite develops; the state of oxidation of iron shows a marked 
change, as biotite rich in Fe^^ is eliminated and aegirine is formed; iron 
is also increased overall, and is accompanied by an increase in TiO^ . MnQ
ll4
Table VA. Chemical analyses of Toror fenites
37 38 39 Partial analyst
SiO^ 63.39 63.89 54.93 40^ 4F
TiO^ 0.36 0.29 0.78 SiO^ 55.50 62.73
" A S 20.23
19.00 13.57 Na^O 3.61 0.38
Fe^O^ 0.62 0.99 4.49 KgO 9.20 14,97
FeO 2.14 0.64 0.86
HnO 0.03 tr 0.28
MgO 0.80 0.00 1.21
CaO 2.71 0.80 6.73
Na 0 3.22 2.82 3.30
K,0 6.08 9.31 8.24
0.02 0.03 0.09
E^0+ 0.33 0.80 0.78
H^O- 0.03 0.03
CO2 — — 3.92
100.22^ 100.62^ 99.42^
1 A n a l .  JoM. Bartl e
2 Anal, A, Mayer
37. Granitic Basement, hardly fenitized SUT 230, W. side Toror Hills. 
380 Biotite fenite (slightly feldspathic) SUT I90, 1/ side Toror Hills.
39. Amphibole-aegirine fenite SUT 228, U side Toror Hills.
40. amphibole-aegirine feldspathic fenite SUT 233, H side Toror Hills.
41. Feldspathic fenite SUT 242, E side Toror Hills,
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Table VB. C.I.P.l . norms of Tore
37 38 39
q 13.30 12,23 0.80
c 3.43 2,87
or 33.97 55,04 48,76
ab 27.20 23,84 23.74
an 13.37 3.81
ac 5.17
di
CaSiO
MgSiO^
FeSiO^
MgSiO
FeSiO^
3
3.43
2.97
hy
2.00
2.33
0,04
mt 0.90 1.23 1.39
hm 0,14 1,74
il 1.06 0,55 1,49
ap 0.03 0,07 0,20
cc 8,91
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is also introduced, despite the decrease in FeO, Among the alkalis, Na^O 
is increased only slightly, and the more marked increase in K^O reflects 
a certain amount of potash feldspathization.
The development of the feldspathic fenites can be traced in analyses 
37 , 38 (slightly feldspathized gneiss) and 4l (feldspathic
fenite). By contrast with the ferromagnesian fenites, SiO^ is not reduced. 
Mafic constituents, with the exception of Fe^ O^ , are decreased. The most 
marked change, however, occurs in the alkalis. Na^O is gradually reduced 
until it is almost eliminated, while K^O shows a conspicuous increase, 
culminating in almost 13 per cent in SUT 242,
Analysis no.40 represents a rock which has undergone feldspathization, 
followed by fenitization. Both alkalis are increased, together with mafic 
constituents, at the expense of SiO^*. In fig. 4,8, normative orthoclase 
albite and quartz are plotted, the proportion of normative dark minerals 
being indicated diagrammatically. Both types of fenites show an increase 
in orthoclase relative to albite, this trend being most pronounced in the 
feldspathic fenites. In the ferromagnesian fenites, some of the soda is, 
of course, present in normative acmite, and is therefore withdrawn from the 
Or-Ab-Q plot which is concerned only with distribution of oxides among the 
light minerals.
3. Feldspathic rocks
The variety of feldspathic rocks occurring at Toror may be compared 
with those described by Dixey and others (1937) at the Chilwa vents in 
Nyasaland, The rocks show many different textures, including fine- and 
coarse-grained types, together with those that are fragmental. Mostly
Since the figure for CaO is doubtful, only the partial analysis is given; 
the other constituents have been considered, however, in the calcu­
lation of Or-Ab-Q for fig, 4,8,
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these rocks are emplaced in the gneisses around the central complex, but 
some are also found cutting the carbonatite.
The feldspathic rocks have been classified according to texture, but 
gradations which are recognised between the arbitrarily defined groups 
also provide the means for relating the various rocks to one another on a 
genetic basis. The nomenclature and classification of these rocks are 
discussed in a published paper (Sutherland, I963) which accompanies this 
thesis.
(a) Intrusive feldspathic-fenite breccia
Several types of breccia are recognizable at Toror and they may be 
assigned to a number of episodes of brecciation. Many of the breccias 
have a ferruginous or carbonate-rich matrix, but a distinctive type 
consists of fragments of feldspathic fenite, with occasional fragments 
of porphyritic trachyte, contained in a buff-coloured feldspathic matrix, 
Suth breccias are often dyke-like up to 10 m, in width, and their fragments 
range from 13 cm, down to fractions of a millimetre in diameter, although 
2 or 3 cm, size is common in the field. Alongside the dykes of breccia, 
the adjacent Basement gneiss retains an undisturbed foliation and consists 
of quartz-bearing fenite. Several dykes of this breccia occur on the lower 
slopes of the western hills, about 300 yards from the carbonatite. In thin 
section the fragments consist of feldspathic fenite of varying texture, 
including aggregates of anhedral turbid potash feldspar, fragments with 
channels of fine-grained feldspar or parallel laths, and fragments of 
crystals of microcline (fig. 4.9A), Often the microcline is narrowly 
rimmed by untwinned potash feldspar but there is no further evidence of 
alteration of the fragments. Dark minerals are not abundant and comprise 
tufts and granules of limonite with occasional aegirine.
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The groundmass of the breccias consists of potash feldspar with a 
fine-grained felsitic texture, speckled with clumps of limonite and occa­
sionally containing quite large grains of apatite. pale greenish yellow 
granular mineral is abundant in the groundmass of several of the breccias; 
it has high relief and very low birefringence, with oblique extinction. It
is particularly abundant in SUT 192 and in view of the high percentage
in the rock (see table VII) it may be a phosphate mineral.
The intrusive feldspathic-fenite breccias grade, by increase in the 
proportion of fine-grained groundmass to fragments, into rocks with the 
appearance of xenolithic trachytes.
(b) Xenolithic trachytes (e.g. SUT II3)
The fragments are not conspicuously corroded, and quite angular chips 
of microcline are common in these rocks (fig. 4.10). Some of these tran­
sitional types contain both xenoliths and occasional phenocrysts (SUT 133A,■ 
fig. 4.9), and grade into porphyritic trachytes.
(c) Porphyritic trachytes
Dykes of trachyte occur in the Basement gneiss around most of the com­
plex, but are particularly abundant on the northern flanks where locally
they form a complex mesh, the dykes ranging in width up to 12 m. early 
series which trends mainly 80° is transected by later dykes with a pre­
dominant trend of l60°, parallel with the foliation of the gneiss, .^ round 
the northern half of the complex where the dykes have been studied in 
detail, this later series shows a distinct radial arrangement (fig. 4.11).
In addition to the dykes, many areas of trachyte, not dyke-like in 
form, have a patchy distribution in the Basement rocks. approximately
oval area of trachyte some 400 yards across occurs in the lower part of 
the northern valley. Exposures here are rare, although loose debris is
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plentiful, and the contact with Basement rocks is not seen; it is probable 
from its shape that it represents a plug, although it is not marked by a 
topographic feature. Five other bodies of similar shape and comparable 
size previously mapped by Du Bois, along with this area, as altered Base­
ment are considered by analogy also to be trachytic vents. The group is 
centred around the main vent occupied by phonolitic breccia (fig. 4.1)
lilthough it is readily established that the trachytes are earlier than 
the phonolites, their relations with the carbonatite are less obvious.
Some sheets of trachyte (SUT I67 and SUT I36) certainly cut the carbona­
tite (fig. 4.12). Along its northern boundary the carbonatite, in the 
form of discontinuous dykes, is transected by trachyte and orthoclasite 
dykes, some forming conspicuous wall-like features. Other trachytes in 
this part of the complex, however, appear to be cut off by the carbonatite 
dykes and, locally, xenoliths of trachyte occur in the carbonatite 
(SUT 33). The relationships are further obscured by the intensive limonite- 
veining and local brecciation which affects many of the rocks, including the 
late trachyte dykes, but it is concluded that trachytes were emplaced both 
before and after the intrusion of the carbonatites.
The trachytes are fine-grained and 'chalky' rather than crystalline in 
aspect; they are buff-coloured, often speckled with limonite or ochre, and 
may be closely jointed. Small tabular phenocrysts of feldspar are seen 
in some rocks, and often show a parallel orientation, i-it the contacts, 
the trachyte, the Basement gneiss, or both of these rocks may be involved 
in local brecciation, but normal intrusive contacts also occur, where the 
trachyte is finer-grained along a selvedge only 0.2 mm. in thickness, and 
the gneiss is slightly feldspathized.
The tabular phenocrysts of feldspar (fig. 4.13) are generally less
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than 2 mm. in length and sparsely distributed. They are invariably elongate 
parallel with c, and sometimes twinned on the Carlsbad law. In many 
trachytes the phenocrysts consist of turbid orthoclase with 2V^  ^ varying 
from 40 (SUT I36) to 32 (SUT 29). In other cases they are formed of 
clear sanidine with 2V^ less than 20*^  (SUT ll4) and the optic axial plane 
perpendicular to (010). In SUT IO3, partly resorbed phenocrysts of ortho­
clase, 2V,^  43°, show an overgrowth of sanidine, 2V^ 20°, with the
optic axial plane perpendicular to that of the main crystal; the outgrowth 
encloses microlites of feldspar aligned by flow around the main crystal
(fig. 4.l4).
The groundmass of the trachytes varies from very finely granular or 
felsitic (fig. 4.13), consisting of an intergrowth of feathery lath-like 
crystals, to trachytoid (fig. 4,l6); sometimes aligned laths are dispersed 
in a felsitic groundmass, but occasionally the whole groundmass is less 
fine-grained, and consists of a close intergrowth of laths aligned in 
small-scale sweeping structures (SUT 197, fig. 4.17).
Minerals of the feldspathoid and zeolite groups are seldom recognised. 
Sometimes granular aggregates of zeolite (? natrolite) occur, and may be 
replacements, but oval areas with fine-grained rims and inner rosettes of 
natrolite ? resemble amygdales (SUT IO6B).
The amount of mafic material is generally small, and is represented 
mainly by limonite in the form of small granules of goethite and amorphous 
material, ^egirine is rare but has occasionally been recognised in thin 
section and separated from the crushed rock in small amounts. Much of the 
limonite in these rocks is associated with later veining. Few other minerals 
are found in the trachytes, apart from apatite and the pale green mineral 
found in the breccias. Fluorite forms occasional patches and veinlets,
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associated with apatite. It constitutes a major component of SUT I67 
(fig, 4,18) where it occurs in purple-coloured patches associated with 
barite(?) and chlorite; this trachyte is comparable with borengite, a 
dyke-rock found at nlnü (von Eckermann, I96O),
(d) Orthoclasites
In many of the trachytic intrusions there are transitions into a 
medium-grained rock consisting entirely of potash feldspar or of potash 
feldspar with subordinate aegirine and ores (fig, 4,l4). This rock-type 
predominates near the carbonatite boundary in the north and northwest, but 
it also occurs sporadically in some of the trachyte dykes up to 8OO yards 
from the carbonatite. SUT 101 from such a dyke consists of a medium- 
grained intergrowth of orthoclase laths 1 to 2 mm, in length, often twinned, 
and grouped in stellate clusters. In SUT 139 from a dyke at the summit of 
the Northern Ridge, the texture consists of laths showing strong parallel 
orientation, with interstitial tufts of limonite (fig. 4.19). The feldspar 
of these rocks is orthoclase with 2V^  ^ varying between 40° and 60° in 
different examples. Occasional phenocrysts of turbid orthoclase, similar 
to those in the trachytes, are encountered in the orthoclasites.
(e) Chemical composition of the feldspathic rocks
The results of complete and partial analyses (tables VI, VII) show 
the unusually potassic nature of these rocks. Their normative compositions, 
shown diagrammatically (fig. 4.20) illustrate the high content of normative 
orthoclase of the feldspathic breccias and trachytes, together with that of 
the feldspathic fenite. The remaining constituents, apart from the nor­
mative minerals shown, consist chiefly of iron and manganese oxides and 
water, present in the mode as limonite. In calculations based on the partial 
analyses, silica has been allotted to the felsic minerals only; on this
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Table VIA. Chemical analyses of potash-trachytes and orthoclasites
42 43 44 45 46
SiO^ 58.43 58.98 50.53 58.84 34.69
TiO^ 0.54 0.42 0.39 0.37 0.30
AI2O 17.84 18.69 17.84 17.48 21.02
5.09 2.72 2.38 5.33 6.38
FeO 0.00 2.20 1.46 0.07 0.10
MnO 0.42 0.23 0.11 0.30 0.13
MgO 0.43 0.36 0.79 0.24 0.00
CaO 0.80 2.37 8.60 0.30 2.01
Na 0 0.38 0.75 0.90 0.40 0.62
K30 13.90 12.49 10.40 14.96 13.34
F2S 0.35 0.24 0.07 0.26 0.28
H^O* 1.05 n.d. 1.36 1.17 1.60
H^O- 0.11 0.26 0.63 0.13 0.19
F n.d. n.d. 6.47 n.d. n.d.
BaO 0.18 n.d. 1.01 n.d. n.d.
99.32^ 99.7F 102.94 99.83^ 100.66'
less 0 for F 2.72
100.22^
42. Potash-trachyte SUT 213, W side, Toror Hills. 43. Potash- 
trachyte SUT 137, NNE spur, Toror Hills. 44. Fluorite-potash- 
trachyte SUT I67, N ridge. 43. Trachytic orthoclasite SUT 197, 
summit W ridge. 46. Orthoclasite dyke, SUT 134, N ridge.
1. iUial. U.S.S. 2, Anal. A. Mayer. 3» Anal. J.M. Bartle.
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Table VIB. C.I.P.W. norms of trachytic 3
q 1.39 1.06 4.19
c 1.4l 0.10 5.08 0.59 2.48
or 82.23 73.89 61.49 88.50 73.45
ab 3.20 6.34 7.60 1.31
an 2.22 10.34 8.31
Ic 4.27
ne 1.13 2.84
ac
hy
MgSiO 1.07 0.89 1.97
FeSiO^ - 1.58 0.28
ol MgpSiO,Fe;SiO%
0.42
mt 0.57 3.94 3.46 0.14
hm 4.85 5.26 6.38
il 0.65 0.81 0.74 0.70 0.49
ap 0.84 0.57 0.17 0.60 0.67
ft 12.39
ru 0.05
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SiO^
Na^O
K^O
"2S
Table VII. Partial analyses of potassic rocks
47 48 49 50 51 32 33 54
48.69 36.14 52.65 51.77 59.9 57.4 56.3 59.4
0.31 0.23 0.20 0.32 0.42 0.47 0.46 0.30
12.23 14.57 14.55 14.15 14.38 14.03 13.45 14.58
6.83 0.47 2.06 2.44
,30 Anal. A. Mayer. 51.54 Anal. J.M. Bartle
47. Intrusive feldspathic fenite breccia SUT 192, W side, Toror Hills
48. SUT 17; 49. SUT 18; 30. SUT II3, xenolithic pseudotrachytes,
N side, Toror Hills. 31. SUT 102; 32. SUT 120, potash trachytes,
N side, Toror Hills. 33* Spherulitic potash trachyte SUT ll4, N side 
Toror Hills. 34. Porphyritic potash trachyte SUT 193, fragment in 
breccia, W side, Toror Hills.
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basis most of the rocks are at least saturated. The very high proportion 
of ferric iron confirms that the samples are mostly altered, probably by 
weathering; the limonite seen in thin section in some cases represents 
original aegirine. It is to be inferred, therefore, that some Na^O and 
SiO^ have been removed by leaching.
In fig. 4.21, in which the analyses have been recalculated in terms 
of ¥u\lS±0^  - NaiilSiO^  - SiO^ , the plots lie close to the composition 
KAlSi^Og and form a belt straddling the saturation boundary. It may be 
noted that the trachytes containing xenoliths of feldspathized Basement 
are undersaturated (analyses 48 30) , whereas the feldspathic-fenite
breccia is just saturated. The trachytes vary a little in their content 
of SiO^ and Na^ O, the highest values of these oxides being shown by those 
which, from their field relations, represent some of the latest trachytes. 
The silica content of the rocks appears to be unrelated to the distance 
from the carbonatite.
Values for trace elements are given in table VIII together with those 
of feldspathic rocks from the Tundulu complex in Nyasaland. Whereas Garson 
(1962, p.189) noted a decrease in the amount of Ba and Sr accompanying the 
rheomorphism of the feldspathized rocks, the trachytes of Toror contain 
abundant Ba, and SUT ll4 is especially high in Sr; both elements may be 
regarded as substituting for K in the potash feldspar, and the extent of 
this substitution may reflect in some measure the temperatures attained in 
the formation of the trachytes. The indication is that the trachytes of 
Toror formed at higher temperatures than those of Tundulu (cf. Rankama and 
Bahama, 1930, p.472). Variations in the other trace elements are irregular, 
but comparable with the Tundulu rocks. The actual concentration of elements 
such as Nb and Zr, La and Y, Ga and Be is characteristic of carbonatites
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Table VIII. Trace elements of some feldspathic rocks
compared with those of similar rocks from Malawi. 
Parts per million.
GI344* Ni380b* G1449* N1328* SUT114
SUT
213
SUT
167
Ba >1000 >1000 330 300 3800 3200 9000
Sr 900 800 33 123 2300 <100 -
Ga 23 33 30 30 30 30 -
La 120 120 400 223 < 100 <100 -
Mo 250 <3 8 <3 <3 <3 -
Nb >1000 120 600 300 300 400 -
Y 33 40 130 40 100 30 30
Zr 30 >1000 >1000 1000 100 100 -
Be < 10 <10 <10 <10 40 20 6
GI344. Feldspathic breccia, Nathace Hill, Malawi. Nl^SOb. Orthoclase- 
rock, Malawi. G1449. Pseudotrachyte, Kalicelo Hill, Malawi.
NI328. Trachyte, Ghuara, P.E.A. SUT ll4. Trachyte, northern slopes Toror 
Hills, Uganda. Anal. Miss D.E.M. Hosking. SUT 213. Trachyte, north­
western slopes, Toror Hills, Uganda. Anal. Miss D.E.M. Hosking.
SUT 167. Trachyte, summit north ridge, Toror Hills, Uganda. Y and Be 
anal. Miss D.E.M. Hosking.
* Analyses reproduced from Garson's account of the Tundulu complex,
1962, p.187.
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and associated rocks (cf. Garson, 1962, p.192) and is regarded as diag­
nostic of the late-stage differentiates of igneous melts which contain a 
high proportion of volatile components including P and F.
(f) Derivation of the feldspathic rocks
Pétrographie and chemical data suggest a genetic connection between 
the various types of feldspathic rocks. The development of potash-feldspar 
in the Basement gneiss is recognized as the first stage; at Tororo the 
potash-metasomatism which occurs adjacent to the carbonatite produces a 
coarse-textured rock composed of conspicuous laths of orthoclase, but at 
Toror the texture produced is a variable one, consisting of aggregates 
of anhedral plates of orthoclase and microcline separated by channels of 
fine-grained granular feldspar or sheaves of feldspar laths. This feld­
spathized rock subsequently became brecciated, as shown by the occurrence 
of fragments of it in the feldspathic-fenite breccias. The breccias are 
evidently intrusive and derived from deeper levels, for the fragments 
are varied and are of more highly feldspathized rock than the surrounding 
quartz-bearing gneiss.
The xenolithic trachytes are considered to be the products of more 
intense brecciation, with the development of a greater proportion of 
comminuted, subsequently recrystallized, groundmass. In all these rocks 
the texture of the groundmass is crystalline and not fragmental.
Garson (1962, p.78) at Tundulu has traced the development of trachytic 
rocks in successive stages by the recrystallization of feldspathic breccia « 
The breccia in the first ring structure at Tundulu consists of fragments of 
fenite, which gradually become feldspathized and recrystallized with a 
trachytic texture, /.t Toror, however, the fragments in the feldspathic 
breccia consist of already feldspathized fenite with various textures, and
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in some cases fragments with trachytic texture are also present. The 
Toror breccias are therefore more comparable with those of the second ring 
structure at Tundulu, where the fragments consist of feldspathic rocks of 
various textures, including trachyte (Garson, op.cit., p.93)• Garson 
observes that phenocrysts of sanidine develop from aggregates of orthoclase 
in the breccia, but no conclusive evidence of this is found at Toror. The 
orthoclasites which occur as dykes and as phases of the trachytes at Toror 
are regarded as the coarser-grained equivalents; it is probable that the 
growth of the larger crystals was favoured in the most finely comminuted 
groundmass of the breccia, given conditions suitable for the slow, equi- 
granular growth of new crystals.
It may be noted, with some exceptions, that there is a tendency for 
the intrusive breccia to occur farthest from the carbonatite, followed 
successively by xenolithic trachyte, porphyritic trachyte and orthoclasite 
as the carbonatite is approached. Fig. 4.22 shows diagrammatically the 
relationship envisaged between the rock-types.
(g) The problem of mobilization
The trachytes, which can be traced to derive from the brecciated 
feldspathic fenite have, nevertheless, all the characters of normal 
magmatic trachytes: intrusive, sheeted habit, euhedral phenocrysts and 
fine-grained groundmass with flow-texture. The rocks were certainly
mobile; but were they molten?
One of the most important considerations in this discussion is the 
absence of leucite in the trachytes, despite the fact that their chemical 
composition falls in the field of primary crystallization of leucite under 
anhydrous conditions. A few of the trachytes contain spherical structures 
of various kinds, but they are doubtful evidence for the former existence
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of leucite. Theoretical considerations based on the work of Bowen and 
Tuttle (1950) lead to the conclusion that the water-vapour pressure would
have exceeded 2000 kg/cm if melting took place without the appearance of
leucite. The temperature of melting would then be around 800^ 0.
In several of the trachytes and related rocks, however, more than one
type of potash feldspar occurs. In SUT 133A, for example, phenocrysts 
of sanidine and orthoclase coexist with angular chips of microcline 
narrowly rimmed by untwinned orthoclase. Experiments have shown that 
microcline, if heated for some hours, assumes monoclinic structure; and 
sanidine is reputed to form at temperatures above 830°C. It remains a 
problem to explain the survival of small chips of microcline at the same time 
as the formation of sanidine. Emeleus (1939) has commented on a similar 
phenomenon to be observed in the ring dykes of Slieve Gullion, and notes 
the resistance of microcline to convert to sanidine when heated. It seems 
possible that the sanidine formed metastably at temperatures below 830° 
at Toror. But if this is postulated, it becomes more doubtful that 
trachytes of this composition were molten.
It seems that the nature of mobilization is not sufficiently understood. 
There are obvious difficulties in the way of actual melting. Garson does 
not appear to discuss the mechanism of mobilization, although he uses the 
term "rheomorphic feldspathic breccia" (1938, p«29) and refers to "partial 
mobilization" of the fenites (1962, p.78). It is possible, however, in the 
case of the feldspathic breccias and trachytes, that mobilization was 
effected by a gaseous rather than a liquid medium in which the solid frag­
ments were carried. Such a concept is already acceptable in application to 
the emplacement of agglomerates and breccias, and a similar mode of emplace­
ment has been claimed for the intrusive granophyres of Slieve Gullion
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(Reynolds, 1934). A t  present, not enough is known of the crystallizing 
behaviour of gas/solid systems. Is it possible, for instance, that rapid 
crystallization occurred in an active gaseous medium, so that disordered 
distribution of a1 and Si in the lattice of precipitated feldspars was 
effected, whilst existing fragments remained unaltered?
4. Cai'bonatites
The carbonatites of the complex as a whole were studied by Du Bois 
and work by the present writer is limited to the marginal regions of the 
northern and western parts of the complex.
Du Bois records four types of carbonatite:
(i) sBvite*
(ii) dolomitic sBvite 
(iii) ferruginous sBvite 
(iv) feldspathic sBvite.
Their general distribution is not described, but from Du Bois' list of
specimen localities, sBvite appears to be common; no localities are given
for the dolomitic variety, but the ferruginous types are found in the north
and west, and feldspathic sBvite on the northern end of the North-East
Ridge. The writer has added a fifth category to distinguish phosphatic
rocks.
Du Bois mapped the carbonatite as a single mass, with approximately 
circular outcrop, around a central agglomerate body. The writer found that 
in the north the margin of the carbonatite is complicated by the occurrence 
of a number of discontinuous dyke-like masses of carbonatite emplaced in 
brecciated rocks (plate 4) and the boundary of the main mass of carbonatite 
evidently lies on the inner slopes of the Central Depression which are
* A- term introduced by Brogger (at the locality S^ve in the Fen district
of Norway) to denote carbonatite consisting largely of calcium carbonate.
not well exposed. I3I
The dykes themselves are sometimes intruded by a succession of smaller 
dykes and veins (fig. 4.23). In the west, however, the carbonatite appears 
to consist of a single mass with a rather irregular boundary. Vertical 
banded structures occur in this mass, following the trend of the boundary 
even where it is irregular; banding near the western summit consists of 
varying textures of calcite, and strings of magnetite octahedra and biotite 
interrupted by knots of enclosed shattered apatite rock (figs. 4.24, 4.23). 
Immediately to the north of this locality apatite-rock forms thin parallel 
veinlets in the carbonatite which are crinkled into fold structures 
(fig. 4.26); bands of magnetite crystals are parallel with the axial planes 
of such structures. Here xenoliths of fenitized Basement are caught up 
in the marginal zone of the carbonatite and banding consists of magnetite 
crystals together with schlieren of ife.sement (fig. 4.27). The xenoliths 
(SUT 222) are quartz-free and are not exactly similar to the gneiss 
adjacent to the carbonatite (SUT 223) which is quartz-bearing fenite.
(a) Petrology of the carbonatites
(i) SBvite. Du Bois records that the pure calcite carbonatites are
light coloured, and consist of a granular mosaic of calcite, the texture 
varying from equigranular, fine-grained, to inequigranular and coarse­
grained. Other minerals are rarely found; apatite is the most common, 
associated with late veins of limonite. Pyroxene was only observed in one 
rock (Du 24l) where it occurs as large, pale green, pleochroic plates many 
of which enclose calcite and are traversed by narrow fissures infilled by 
microcrystalline quartz. Granular and fibrous aggregates of pyroxene are
partly altered to green-blue amphibole. Late pyrochlore has sporadic dis­
tribution as small, honey-yellow, isotropic grains, sometimes associated 
with amphibole and ferruginous material.
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Dolomitic sBvite. Du Bois states that "dolomite and calcite 
occur together as interlocking anhedral plates 0,3 to 2.0 mm. in diameter. 
Twinning is not uncommon, whilst some of the crystals show traces of glide­
planes . Very finely divided limonite is scattered as dust throughout the 
entire mosaic in just the same way as it is in the sBvites". Fibrous green 
amphibole, small flakes of mica foxy-red to dark green, granules of \iron 
ore and occasional pyrochlore are accessory.
(iii) Ferruginous sBvite. The carbonatites obtained by the writer 
from the northern and western parts of the complex are variably ferruginous 
types with many different textures.
Two main categories may be recognised: calcite-carbonatites with 
discrete crystals of magnetite, and brown carbonatite with disseminated 
iron ores.
The carbonatites of the first group form the main mass which was 
sampled at the western margin and at the head of the Northern Valley, whilst 
those of the second group form the discontinuous dykes along the northern 
margin.
The first group may be divided again on the basis of texture, for 
some rocks contain schlieren and bands composed of magnetite crystals, 
while others consist of calcite with interstitial magnetite and veins of 
ore. SUT 201 from the western summit region consists of carbonatite with 
bands of octahedral magnetite; the crystals, often with striated surfaces, 
occur up to 1 cm. in size, in bands up to 3 cm. wide. Calcite forms a 
medium-grained mosaic with granules of limonite between crystals. Corroded 
crystals of aegirine-rich pyroxene (X c 20°) are partly replaced by 
calcite and limonite with granules of opaque ore. Biotite is present as 
ragged flakes, pleochroic from pale yellow to greenish brov/n, and surrounded
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by magnetite which also forms small inclusions. Green chlorite and small 
grains of apatite are accessory. In the carbonatite which forms Ironstone 
Hill magnetite is particularly abundant. SUT I69, on the other hand, has 
an unusual texture, the magnetite forming geometric patterns interstitial 
to calcite areas. This rock was collected from loose boulders at the head 
of the Northern Valley. Magnetite was evidently late in crystallizing, 
for the texture partly resembles graphic intergrowth and is partly vein­
like in form (figs. 4.28 and 4,29). It is somewhat altered to hematite 
and limonite. This magnetite-carbonatite is cut by a later fine-grained 
brown carbonate vein belonging to the second group.
Carbonatites of the second category are brown-coloured and consist of 
anhedral mosaics of calcite, either uniformly speckled with limonite or 
with rims of ore granules around the calcite grains (figs. 4,30 and 4.31).
In SUT 133 a medium-grained carbonatite with purplish colouring consists of 
elongate calcite crystals showing parallel alignment, with interstitial 
ferruginous material; this type is cut by a fine-grained dark brown vein 
2 cm. wide in which the ore granules are dispersed through the calcite 
mosaic. Late limonite veining affects both rocks. Where interstitial 
limonite and opaque ores become more abundant, calcite crystals may be 
isolated in a ferruginous matrix and the rock in thin section resembles a 
microbreccia (SUP 133)• OUT 24 consists of oval to irregular grains of 
calcite up to 0.3 mm. speckled with ferruginous inclusions; some of the 
limonite appears to pseudomorph magnetite, but also in this rock are numerous 
tiny spherulitic "bird’s eye" structures with central cores of limonite 
surrounded in turn by calcite and outer rims of limonite; some of the 
structures contain repeated layers. The brown carbonatites probably con­
sisted originally of siderite-carbonatite which has subsequently been
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replaced by calcite and ore. Although relics of siderite are rare, in 
SUT l43 which has been largely replaced by apatite, well defined rhombs 
are outlined by limonite rims (fig. 4.32). Refractive indices determined 
on SUT 33Î l64 and the late vein of I69 indicate that the carbonate present 
in each case is calcite.
Owing to probable redistribution of material the history of the 
ferruginous sBvites cannot readily be unravelled. However, it is considered 
likely that the types bearing schlieren and bands of enclosed magnetite 
were early; the magnetite is probably in part derived from digested fenite 
material, as suggested by the relics of aegirine (cf. Garson, I962, p.83) 
but the available fenite of appropriate composition may have been insuf­
ficient to account for the extreme iron enrichment that is found on Iron­
stone Hill, The carbonatite itself may well have retained a certain amount 
of iron which crystallized as magnetite. The euhedra of magnetite are 
considered by the writer to have crystallized early, before the complete 
consolidation of the carbonatite, and became drawn out into bands by the 
final movements. (Du Bois, on the other hand, considered that all the 
ferruginous carbonatites were developed by the incoming of magnetite into 
earlier calcitic and dolomitic types.) The ’graphic’ textured rock of 
SUT 169 is considered to have developed by the redistribution of ferruginous 
material, the iron ores entering at a late-'stage in the crystallization of 
the carbonatite but before it was entirely solid. The siderite-carbonatites 
developed later as a dyke swarm in the north, and subsequently became re­
placed by calcite and veined by limonite.
(iv) Feldspathic sBvites. Du Bois records feldspar in the 
ferruginous carbonatites of the North-East Ridge as patches which stand 
out on weathered surfaces. It is found to be cloudy orthoclase. In some
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cases it is accompanied by microcline, which suggests to the writer that 
it is probably derived from Basement inclusions. In Du Bois’ opinion, 
however, the feldspar developed by replacement of carbonatite. Veinlets 
of soda-orthoclase which penetrate the sBvite-breccia are demonstrably late.
(v) Apatite rock and apatite-sBvite occur intermittently around the 
margin of the carbonatite on the northern and western sides.
Apatite-rock is pale buff to cream coloured and closely resembles the 
trachytic rocks, being very fine-grained. It occurs along the northern 
margin of the carbonatite, in the region where the discontinuous ferruginous 
carbonatite dykes invade the country rocks. It appears to be earlier than 
these dykes for it is brecciated and veined by calcite and limonite 
(fig. 4.33). SUT 23 consists of typically fine-grained granular apatite, 
speckled with ferruginous material, but also peppered with small granules 
of pale yellow, clouded isotropic pyrochlore. The refractive indices of 
the phosphate are around I.63, indicating fluorapatite composition.
SUT 143 from the same area also consists of fine-grained apatite v;hich 
has here replaced siderite carbonatite (and is therefore later) and the 
outline of original siderite rhombs is recognisable with a hand lens (cf.
fig. 4.32).
Adjacent to a carbonatite dyke away from the main swarm, to the v/est 
of the northern valley, a fine-grained mottled rock (SUT I60) consists of 
granular iron-ore and turbid greenish yellow phosphate, with a refractive 
index close to 1.621, lower than fluorapatite. It may be francolite,
SUT 171 shows the development of fine-grained apatite along veinlets 
associated with limonite in feldspathic fenite. These phosphatic rocks 
appear to have limited distribution; they were not recognised as such 
in the field, and are not mentioned by Du Bois. However, by means of a
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simple test which has been devised in the laboratory and which could 
readily be applied in the field, it would be possible to assess the amount 
of phosphate material available.
In the apatite-sBvites textures vary enormously. Where it is present 
in only accessory amounts, the apatite forms medium-sized grains, but where 
it forms concentrations the texture is generally finer-grained as in the 
apatite rocks. These concentrations occur both as knots having a xenolithic 
appearance, which are regarded as early, and also as veinlets, associated 
with limonite, which cut the carbonatite but formed fold structures during 
final movements in the carbonatite (fig. 4.26).
The phosphate evidently crystallized late in SUT 33 where it occurs as 
interstitial material around the carbonate grains (fig. 4.34); this phosphate 
is white, and in thin section turbid and flaky-textured, with a refractive 
index between 1.62 and I.63. It is probably francolite, a CO^-bearing 
phosphate. In SUT 19, a brown carbonatite vein cutting Basement, a phos*^  
phate mineral which has the habit of francolite (cf. Deans, 193&) occurs as 
lines of small pods; the texture is rather coarser than most apatite con­
centrations and there is a tendency to form roundish crystals divided into 
units by sector twinning (fig. 4.33)* The crystals are speckled with 
minute octahedra of pyrochlore.
Pyrochlore is common in the phosphate-bearing carbonatites. In SUT 
223 it forms quite large (0.1 mm.) euhedral grains zoned from deep red brown 
cores to pale yellow rims which are less uniformly isotropic. The grains
Chemical test for phosphate. The rock sample is treated with dilute 
HCl and a few drops of HNO . a crystal of ammonium molybdate dropped 
in the liquid becomes yellow in the presence of phosphate. If much 
phosphate is present, a yellow precipitate of ammonium phospho- 
molybdate is formed.
137
are scattered through the carbonatite, but often close to limonite. In the 
other pyrochlore-bearing carbonatites (SUT 23, 26, 19) the phosphate itself 
encloses the pyrochlore which forms tiny pale yellow grains. Pyrochlore 
is thus found associated with phosphate whether the latter is earlier (SUT 
23) or later (SUT I9, 223) than the carbonatite.
In SUT 130 apatite occurs along well defined late veinlets 2 or 3 nim. 
wide which transect earlier veinlets of magnetite and limonite; calcite 
occurs along the centres of the phosphate veins (fig. 4.36).
(b) Chemical composition of the carbonatites
Although the refractive indices of the carbonates suggested a calcite 
composition, an attempt was made by chemical analysis to determine how much 
iron or magnesium carbonate was present in three rocks: SUT 33, CUT 201 
and SUT 208. The method adopted was a partial analysis of the portion 
soluble in 3 per cent HCl which was boiled for only a minute; in this way 
it was hoped to dissolve Ca Mg and Fe carbonates but not other minerals.
The partial analyses are given in table IX.
The percentage of MgO is seen to be very small in all these rocks.
Du Bois’ analyses are similarly low in MgO. an estimate of the amount of 
iron carbonate from the R^O^ figures proves, however, to be unreliable.
FeO was determined subsequently by direct methods during a complete 
analysis of SUT 33. The FeO was found to be very low (table IXB) and the 
discrepancies between the partial and complete analysis show that other 
minerals (notably limonite and phosphate) do in fact pass into solution to 
some extent in dilute HCl.
The partial analyses serve to show that SUT 201 and 208 consist largely 
of CaCO^ with very small amounts of Fe and Mg in soluble form; the complete 
analysis of SUT 33 shows that the rock is mainly calcite, together with
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Table IX. Toror carbonatites 
"1» Partial analyses B. Complete analysis
55
SiO^ 1.63
TiO^ 0.13
0,62
Fe^O^ 9.13
FeO 0.01
MnO 0.33
MgO 0.35
CaO 47.42
Na^O 0.38
K^O 0.20
5.55
H^Of
H^O- 35.21
CO2
55 56 57
AC id
Insol. 10.65 19.60 8.90
^2S
12.17 1.39 3.30
MgO 0.55 0.61 0.34
CaO 45.33 43.15 45.89
Loss on ign. 35.09 34.06 37.79
Anal. A. Mayer
99.18
55. Ferruginous carbonatite SUT 35, N ridge. 56. Magnetite-biotite 
sbvite SUT 201, W summit. 57- Carbonatite vein cutting Basement 
SUT 208, W slopes Toror Hills.
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considerable phosphate, but it is not possible to discover how 
much of the iron represents original siderite.
(c) Derivation of the carbonatites
ho sedimentary limestone occurs in the Basement complex of the area, 
and the carbonatite is without doubt of igneous origin. In the absence 
of the volcanic and ijolitic plutonic rocks that occur at complexes such 
as Napak, the derivation of the carbonatite from silicate magma can only 
be postulated by analogy with the other complexes.
3« Breccias
Several kinds of breccia have been recognised at Toror, of which the 
intrusive breccias consisting of fragments of feldspathic fenite in fine­
grained feldspathic matrix (p. 11?) appear to be the earliest.
A later phase of brecciation affected both Basement rocks and intrusive 
trachytic rocks, especially in the neighbourhood of the carbonatite, and 
still later breccias are recorded, in which fragments of carbonatite occur, 
where the matrix is often calcareous.
(a) Ferruginous Basement and trachyte breccia
Around the margin of the carbonatite in the north the adjacent rocks 
are variably brecciated. The effects range from a close shattering with 
no appreciable movement, picked out by ferruginous net-veining, to more
obvious breccias in which fragments of fine-grained trachytic rocks and of
the feldspathized Basement have been mixed. The matrix of the breccia con­
tains a certain amount of fine-grained feldspathic material (and in this 
respect the rock is a feldspathic fenite breccia) but also a conspicuous 
amount of granular limonite. It is not easy to recognise the origin of 
this limonite; in SUT I63 it is seen to be associated with small crystals
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of biotite and therefore may be derived by the breakdown of such silicate 
minerals introduced in an episode of fenitization. Whether the limonite 
is a product of weathering or whether it formed during the final stages 
of volcanic activity is not known,
(b) Calcareous mixed breccia
These breccias occur both as small, well defined masses in the Base­
ment rocks and as patches within the ferruginous breccia in the region of 
the carbonatite. They are characteristically ’’knobbly" weathering, and 
consist of fragments up to several cm, across of Basement.(variably 
fenitized),trachytic rocks and carbonatite (including both light-coloured 
and dark brown varieties, charged with magnetite) in a matrix of carbo­
nate, magnetite and limonite.
These breccias are cut by the discontinuous carbonatite dykes of the 
northern sector of the complex, and are earlier than the phonolites. Some 
limonite-veining affects both the carbonatite and the surrounding rocks, 
but it is not known to be related to actual brecciation.
The latest episode of brecciation is represented by the central mass 
of phonolite breccia (p. 13I )•
6. Phonolites*
Intrusions of phonolite are very numerous, occurring as dykes, sheets 
and plugs. Sheeted forms vary in thickness from 1 ra. to over 15 m., and 
in the larger masses prominent columnar and transverse jointing is developed 
(fig. 4.57). The plug which forms Nyanga Hill shows a fan-shaped crest of 
columnar joints (fig. 4.58); other plugs constitute Tinguaite Peak and
In this account no distinction is drawn between phonolites and tinguaites
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Toror Peak (fig, 4,39)^ but several of the outlying masses of phonolite 
mapped by Du Bois as plugs have contacts with the Basement at low angles and 
are believed by the writer to be sheets, On Nakazilet (fig. 4.40) the 
attitude of joints on the northern side indicates an outward inclination 
of the base at 27 , while a contact observed on the east side (fig. 4.4l) 
dips inwards at 40 , the jointing here indicating a dip to the west; the 
base of the intrusion appears therefore to undulate, dipping inwards from 
east and west and tilting towards the north-northeast. .it Moruangnamorj 
further east, a flat ledge of Basement projects from under the phonolite, 
and remnants of phonolite can be found on the ledge; the floor of the 
intrusion again is uneven in detail, and dips were recorded of low angles 
(less than 20°) to the northwest, although like the Nakazilet mass the 
general form of the hill indicates a gentle tilt to the northeast.
A sheet of anal cite phonolite, some 10 rn. thick, can be traced all 
along the northern side of the complex. It dips towards the centre at 
around 50° to 60° and approximates to a cone-sheet form. One or two smaller 
sheets of phonolite are parallel with the main mass. The cone-sheet centres 
from a focus below the phonolitic breccia outcrop, approximately 375 metres 
north-northwest of Toror Peak at a depth of about 1.5 km. (assuming that a 
constant dip is maintained). This represents a higher level focus than 
that of the carbonatite, as deduced from the relative attitudes of concen­
tric carbonatite and phonolite intrusions.
The phonolites were eraplaced later than the other rock types of the 
complex; in many places phonolites are seen to cut across trachytes and 
carbonatites, and they are not affected by brecciation or limonite veining. 
Their emplacement, however, continued over a period of time for occasionally 
successive dykes intersect one another. Various types of phonolite con­
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stitute the bulk of the central breccia, and this mass is cut by several 
Iciter phonolite dykes and pierced by the plugs of Toror Peak and Tinguaite 
Peak, The phonolites are, however, affected by later faulting (see plate 
3). Some phonolites, for example the mass of Oropoi, show the effect of 
shearing apparently whilst the rock was still plastic (fig. 4,42) while 
others, as at Moruangnamorj, are shattered and crushed, with local re­
crystallization, and show the development of a platy structure,
(a) Petrology of the phonolites
The texture and character of the phonolites vary greatly from one 
intrusion to another, and many are distinctive; the long cone sheet on the 
northern side of the complex, for example, can be recognised at any outcrop 
along its length by its porphyritic texture, the phenocrysts of feldspar 
and altered nepheline being exceedingly numerous and grading in size, and 
other masses are distinguished by the presence of large tabular pheno­
crysts of feldspar in an otherwise fine-grained rock, or by the prepon­
derance of glassy crystals of nepheline over feldspar.
A few masses of phonolite have a spherulitic structure; such rocks in 
handspecimen show round areas of slightly different colour which on 
weathering form resistant knobs. In thin section the spherulites are found 
to be surrounded by areas showing extensive replacement by natrolite. 
Similar structures are recorded by Dixey and others (1937, rev. 1955, Pl.V) 
but the spherulites of the Chilwa occurrences are themselves replaced by 
alteration products and weather into hollows.
In thin section, the phenocrysts consist of nepheline, alkali feldspar, 
with their alteration products, and sodie pyroxene, in varying amounts.
Du Bois found, over the complex as a whole, that nepheline-rich varieties 
of phonolite are more common than those with predominant feldspar. The
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nepheline-rich rocks are generally those that contain phenocrysts of 
pyroxene, whilst the feldspar-rich phonolites frequently contain pyroxene 
only in the groundmass, Nepheline occurs as clear rectangular euhedra, 
sometimes zoned (fig* 4.43), and often containing inclusions of pyroxene and 
sphene. Nepheline often forms aggregates of several intergrovm phenocrysts
and in many rocks the crystals are broken or corroded (e.g. SUT 232).
Hytonen has demonstrated compositional zoning in the nephelines of Toror; 
chemical analysis indicates l8.0 mol % Ks (1959, p.84) while estimation of 
the composition of nephelines from X-ray powder diffraction methods indicate 
a variation of the average composition from 13 to 21 mol % Ks (op.cit. 
p.102). These nephelines then fall within the normal range for volcanic 
rocks but they are more sodic than the ideal nepheline formula KNayil^Si^O^^
Hahn and Buerger, 1955)•
Potash feldspar forms euhedral tabular phenocrysts showing occasional 
Carlsbad twinning. It varies from turbid to water-clear, very occasionally 
showing microperthitic streaking (SUT I83). Hytonen’s intensive study of the 
feldspars in the Toror phonolites shows that the more turbid feldspars 
exhibit varying degrees of triclinicity, and 2V^ ranging from 48° to 72 . 
Monoclinic feldspars in the phonolites are less turbid and compositionally 
more sodic.
Albite is rare among the phenocrysts, but is recorded in SUT 232 where 
it shows lamellar twinning (the maximum symmetrical extinction angle noted 
was 13°, indicating a composition at least as sodic as .ui^ ). Pyroxene is 
usually present as phenocrysts, especially where nepheline phenocrysts 
predominate, and is generally zoned (fig. 4.44). The central core may be 
a pale diopside, a buff-coloured augite, or green aegirine-augite, and 
oscillatory zones of aegirine-augite of varying composition are concentric
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towards the outer rim, .legirine, deep green in colour, frequently forms 
a tufted outgrowth and may be regarded as a separate phase of crystalli­
zation accompanying the formation of the groundmass. In several phonolites 
the pyroxene forms separate crystals of golden yellow acmite, having a high 
birefringence; this mineral occurs in SUT II3, II6, and 231, and shows a 
characteristic skeletal form in these rocks (fig. 4.43). Its habit is 
generally wedge-shaped, a form which seems to be in part determined by the 
development of prismatic faces but the skeletal form is produced by crys­
tallization with the felsic minerals of the groundmass (notably natrolite). 
It often grades in colour towards blue-green aegirine at the edge, and may 
be fringed with tufted aegirine. It has been suggested that high manganese 
in acmite might be the cause of its brown colour, as distinct from the 
green colour of aegirine (cf. Deer, Howie and Zussman, 1963, II, p.8l).
The groundmass of all the phonolites encountered at Toror is dominated
by the abundance of sodic zeolites. Indeed on this basis the phonolites
may be classified as follows:
analcite phonolite 
natrolite-analcite phonolite 
natrolite phonolite.
This classification, whilst being satisfactory for descriptive purposes, 
does not in all cases serve to distinguish the phonolites of different 
intrusions, for within one mass the rock can vary from natrolite-bearing to 
natrolite-free.
The small hill of Oropoi is formed by a sheet of phonolite which strad­
dles the Moroto-Kotido road. The mass trends 20° and dips at about 30° to 
the south-east. The phonolite is sheared in belts parallel with the form 
of the mass itself, and the shearing evidently took place during the later
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stages of crystallization judging by the textures of the groundmass crystals# 
Specimens obtained at intervals across the width of the sheet show that 
bands richer in natrolite occur within the main analcite phonolite, and 
that there is a gradual transition from analcite phonolite at the basal 
contact (SUT 183) towards natrolite-analcite-phonolite at the top (SUT I87).
In the analcite phonolites the groundmass consists of acicular 
aegirine and small laths of unaltered potash feldspar in an isotropic 
groundmass of analcite, sometimes turbid but often quite clear. The 
analcite in part has rectangular outlines and may in such cases be replacing 
nepheline, but unaltered nepheline is present in some rocks as small euhedra, 
in a base of interstitial analcite (SUT I83). The analcite appears to be 
mainly primary.
In the natrolite-analcite phonolites the natrolite replaces pheno­
crysts of nepheline and feldspar; the texture of the natrolite varies from 
saccharoidal to coarser-grained irregular plates having undulose extinction. 
Replacement of nepheline varies from irregular veining to the formation of 
complete pseudoraorphs (fig. 4.46), but replacement of feldspars is often 
restricted to the central part of phenocrysts, the outer edges of phenocrysts 
and the crystals of the groundmass remaining clear and unaltered. One might 
expect that the central (early) part of the feldspar phenocrysts had formed 
at higher temperatures and therefore contained more soda than the later 
groundmass crystals. Hytonen, however, states that the turbid phenocrysts 
(which show replacement by natrolite) are triclinic and are more potassic 
than the clear, unaltered, monoclinic phenocrysts which sometimes contain 
over 30 per cent soda (1939, p.102 et seq.). Natrolite also forms patches 
in the groundmass as it becomes more abundant, and irregular plates of 
varying grain-size enclose poikilitically the laths of feldspar and
146
acicular aegirine. Locally the natrolite has a spherulitic habit, again 
surrounding other crystals of the groundmass. In the areas occupied by 
natrolite, analcite is not common, the two zeolites tending to occur 
separately in patches. It is concluded that natrolite developed later 
than analcite, since it is observed that nepheline tends to remain unaltered 
in the presence of analcite, but in the presence of natrolite most of the 
nepheline is replaced. Whereas the natrolite replacing phenocrysts of 
nepheline is obviously secondary, the poikilitic crystals in the groundmass 
might be primary; the crystallization of natrolite may have begun during 
the final consolidation of the rock, and continued during the infilling of 
amygdales. Amygdales are not confined to the natrolit e-bearing phonolites. 
SUT 131 is an analcite-phonolite but contains numerous small amygdales of 
irregular shape, up to O.3 cm. In this rock the vesicles contain rectan­
gular fibrous aggregates having very low birefringence which appear to be 
mesolite, and interstitial thomsonite with higher refractive index and 
birefringence. Calcite is found replacing mesolite, and is sometimes accom­
panied by an outer fringe of crystals of apophyllite having brownish inter­
ference colours. In most amygdaloidal phonolites the infilling is fibrous 
natrolite, together with subordinate apophyllite and occasional calcite, 
pectolite and aegirine.
Other minerals in the phonolites include apatite and pale sphene, both 
forming phenocrysts (fig. 4.4?). Sphene also occurs as inclusions in pheno­
crysts of nepheline. In some cases these minerals are altered. SUT I96B 
contains large grains of apatite fringed with wollastonite which is partly 
altered to pectolite. In SUT 1?3A, aggregates of acicular pectolite form 
pseudomorphs of sphene or apatite, Pectolite is fairly common in the 
natrolit e-bearing phonolites but is not found in analcite phonolites. It
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takes several different forms but may be recognised by its high relief, 
moderate birefringence and positive elongation. These properties dis­
tinguish it from cancrinite which it resembles when it occurs as elongate 
tablets (sut 110). The elongate crystals are often full of inclusions and 
stained with limonite. Pectolite is biaxially positive and can be distin­
guished from wollastonite in sections showing two cleavages (SUT 196A,
SUT.110 ); in this rock pectolite forms interstitial plates of irregular
shape, poikilitically enclosing feldspars of the groundmass and pseudo­
morphs of natrolite after nepheline. It is therefore one of the last 
minerals to form in the natrolite-phonolites, and is found occasionally in 
the amygdales.
Calcite is fairly common as a late replacement in the natrolite- 
phonolites, and fluorite can be recognised occasionally, but sodalite, 
recorded by Hytonen, cannot readily be distinguished from anclcite. In a 
fev; fragments of the phonolite breccia, grains of sodalite, full of 
inclusions, occur. Incidental minerals include fibrous golden chlorite 
which is moderately biréfringent and uniaxially positive in CUT 177* Radi­
ating prisms of chlorite (?) having anomalous blue interference colours 
(SUT 110) have negative elongation, and a similar mineral in SUT I78 is 
pleochroic and gives a biaxially positive figure, Scolecite, resembling 
natrolite but lengthfast with one good cleavage, is recorded in SUT I78.
SUT 204 is a cancrinite-bearing analcite-phonolite, with phenocrysts 
of cancrinite in addition to feldspar, nepheline, pyroxene and sphene 
(fig. 4.48), Many of the phonolites at Toror show a random distribution of 
acicular aegirine in the groundmass and may be termed tinguaites on account 
of this texture. Several show good flow structures in the groundmass;
SUT 243 contains feldspar and acicular aegirine aligned in trachytoid tex-
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ture with structures resembling shearing; the aegirine is more randomly 
oriented in the patches containing natrolite, indicating again the late 
crystallization of these patches. Several of the phonolites are sufficiently 
coarse-grained to be termed microfoyaites (SUT 196, fig. 4.49).
Xenoliths occur sporadically in the phonolites and are of two kinds:
1) feldspathic types;
2) ijolite-pyroxenite types.
The feldspathic xenoliths are abundant in the natrolite-phonolite of 
Moruangnamor j. They can be seen in handspecimen to consist of medium- to 
coarse-textuTed foyaite with conspicuous tabular feldspars showing white 
kadinitic alteration, and rectangular nepheline with small crystals of 
acicular pyroxene. In thin section the feldspar is seen to be perthitic 
and full of inclusions but is not extensively replaced by natrolite, whereas 
the nepheline is entirely replaced. The crystals near the margins of xeno­
liths (feldspar in particular) are large and euhedral, with no corrosion.
They are regarded as cognate inclusions.
Melanocratic xenoliths occur in the more nepheline-rich phonolites;
SUT 113 contains aggregates of aegirine-augite intergrown with brown amphi­
bole and red-brown biotite; in SUT l44 xenoliths consist of pyroxenite formed 
of subhedral titan-augite crystals partly replaced by green aegirine-augite, 
with interstitial magnetite, biotite and nepheline, and inclusions of eu­
hedral apatite. Sporadic crystals of brown hornblende occur in SUT 1?2, 
fringed with acicular green aegirine. The xenoliths of SUT 210 and 211 
are apatite-rich, with a small amount of pyroxene and iron oxide and turbid 
alteration products of felsic minerals. In SUT 239 xenoliths of both kinds 
occur, the feldspathic ones being virtually mono-raineralic, and the melano­
cratic xenoliths consisting of coarse-textured melteigite, with stout prisms
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of aegirine-augite, interstitial nepheline and zeolite, and apatite. At 
the margin of the xenoliths the pyroxene is rimmed by aegirine. All the 
xenoliths consist of plutonic rocks brought up from depth, and xenoliths 
of country rock are absent.
(h) Chemical composition of the phonolites
From the analyses given in table X, and from those quoted by Hytonen
and Du Bois, it can be seen that the phonolites are exceptionally rich in 
soda. This is a reflection of their high zeolite content, which also 
accounts for a high percentage of water. When plotted on the basis 
Ha^O - K^O ~ femic oxides (fig. 4,30) the Toror phonolites are shown to be 
more sodic than average phonolite. The phonolites of Mount Elgon, however, 
show a gradation towards a sodic character, and the chemical analysis of 
H273 (Davies, 1932, p.3l) is comparable with the phonolites of Toror.
(c) Derivation of the phonolites
Intrusions of analcite phonolite and natrolite phonolite resembling 
those at Toror are described by Garson at Tundulu (I962, p.137)« He also 
notes types transitional to foyaite, and phonolites containing xenoliths
of foyaite, and of ijolite (op.cit., p.143),
The presence of such xenoliths is probably not fortuitous, but suggests 
a close connection between phonolites and ijolites and foyaites. In view 
of the inferred relationships between ijolite, cancrinite-bearing nepheline 
syenite and cancrinite phonolite at Budeda, and between ijolite and nepheline 
syenite at Tororo, there is a strong possibility that the Toror phonolites 
may represent mobilized feldspathized ijolites. Against this is the more 
conventional view that phonolites represent derivatives, by crystallization 
differentiation, of nephelinites, a series which leads ultimately to trachyte 
Both Davies (at Elgon) and Garson (at Tundulu) have noted the existence of
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Table X. Toror phonolites
A. Analyses B. C.I.P.W, norms
38 39
SiO^ 31.17 33.46
TiO^ 0.61 0.41
Al20_ 19.48 19.31
^°2^ 1.86 3.23
FeO 3.62 1.31
MnO 0.22 0.21
MgO 0.46 0.61
CaO 3.18 2.39
Na^O 10.77 10.09
K2O 3.01 4.23
2^(^ 3
0.03 0.03
11^ 0+ 4.71 4.93
H^O- - -
CO2 0.16 n.d.
BaO 0.13 n.d.
58 59
or 17.90 25.13
ab 25.78 24.73
ne 31.13 27.52
ac 5.36 8.59
ns 0.40
di
CaSiO
MgSiO^
FeSiO^
5.30
0.97
4.75
3.10
1.53
1.51
wo 1.74
ol MgpSiO,F e p io ll
0.13
0.69
mt 0.39
il 1.16 0.78
ap 0.12 0.12
CO 0.36
99.43 100.29
38. Analcite-natrolite phonolite SUT 1?4, Nakazilet. 39. Analcite- 
natrolite phonolite SUT 110, N slopes Toror Hills.
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rocks transitional between nephelinite and phonolite and between phonolite 
and trachyte. Whilst this tends to support the notion of a derivative series, 
it does not in fact preclude an origin by mobilization of pre-existing plu­
tonic rocks.
This problem is beyond the scope of the present study, but presents an 
obvious line for future research.
7. Phonolite breccia
This mass, which occupies an oval area just over a mile in length and 
•5- mile wide in the central part of the complex, is considered by the writer 
to be later than the surrounding carbonatite. Du Bois (193 )^ found the 
scanty evidence inconclusive v/ith regard to this relationship but inferred 
(in his abstract) that the breccia was the earlier; he did not draw attention 
to a particular dyke of phonolite which he mapped on the west side of the 
phonolite breccia as clearly cutting the carbonatite and itself truncated 
by the margin of the breccia. The phonolite breccia, furthermore, is un­
affected by the shattering and limonite veining that is seen in all rocks 
other than phonolites.
Although termed "agglomerate" by Du Bois, "breccia" is preferred by 
the writer since the fragments are angular. The fragments (fig. 4.31) are 
up to a few cm. in diameter, and consist of various rocks, of which the most 
abundant are analcite phonolites. In these, feldspar crystals predominate 
among the phenocrysts, accompanied by subordinate pyroxene, in a groundmass 
of feldspar, granules of limonite after pyroxene, and a brownish matrix of 
isotropic analcite. Specimen SUT 237 shows a fragment of analcite phono­
lite in which patches of fairly coarse-grained brewsterite (?)* are partly
* Clear, colourless with 1 cleavage; birefringence approximately .010 and 
refractive indices higher than those of natrolite; biaxial, positive, 
but with negative elongation parallel with the cleavage.
132
replaced by natrolite and euhedral sodalite containing small inclusions.
In SUT 24l, in addition to phonolite fragments, feldspathic rock 
fragments include xenolithic trachytes, feldspathic rocks of trachytoid 
texture, and feldspathic fenites containing microcline. Patches of car­
bonate occur, but it is not known whether these represent fragments of 
carbonatite.
The purplish brown groundmass of the breccia is seen in thin section 
to consist of limonite dispersed in a matrix of lov/ refractive index.
8. Nepheline syenite
A small area of nepheline syenite was found on the eastern slopes 
of the complex. It appears among brecciated feldspathic rocks and seems 
to be later than the brecciation, although no contact was seen. It is a 
medium-grained rock in which nepheline, once abundant, is extensively 
altered and the subordinate feldspar laths are conspicuous on a weathered 
surface. Veins of coarser feldspar, up to 2 cm. wide, traverse the rock 
(fig. 4.32).
Nepheline occurs as relics of fairly large crystals, replaced in 
streaks by an aggregate of alteration products; these include analcite 
(N 1.488) which forms an isotropic background to turbid kaolinite ? 
and blebs of calcite. Locally nepheline forms a mosaic of rectangular eu­
hedra, some of which contain inclusions of tiny rods of pyroxene. Where 
enclosed in feldspar, nepheline is euhedral. The pyroxene is also euhedral 
and shows zoning from light green cores of aegirine-augite (X ^  c 27°) to 
darker rims of near-aegirine (X^ o 17°)- Generally these crystals, un­
altered, are embedded in a groundmass of altered nepheline. Feldspar is 
very clear, and forms poikilitic crystals which approximate to lath shape
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but with irregular, stepped boundaries. The feldspar is not perthitic in 
the main rock, although it is slightly so in the veins; it appears to be 
a sanidine-anorthoclase cryptoperthite containing about 33 per cent of 
soda-feldspar*.
The feldspar encloses small euhedra of nepheline which are partly 
altered, but few pyroxene crystals. Locally the feldspar, more than 
nepheline, is replaced by interstitial plates of cancrinite.
Large pale sphene crystals occur with the pyroxene, and large crystals 
of apatite are also present. Thin veinlets of analcite traverse the rock, 
replacing all minerals, including feldspar.
The feldspathic veins have a coarser texture than the main rock, and 
contain laths up to 1 cm. in length. The feldspar contains slightly turbid 
patches of micro-perthite having a lov;er refractive index than the host 
crystals. Between the larger laths, granular feldspar and interstitial 
plates are associated with pockets of calcite. Acicular aegirine (X ^  c 12°) 
is enclosed by the vrystals of the vein. Locally it occurs as golden yellow 
acmite, non-pleochroic but with high birefringence. It is partly replaced 
by limonitic material.
The sequence of crystallization began with aegirine-augite, sphene, 
apatite and nepheline, the pyroxene becoming more sodic and being joined by 
feldspar in the last stages. The alteration of nepheline was followed by 
the development of cancrinite and calcite and the feldspar veins; analcite 
veins were later. A similar sequence of crystallization was observed in 
the nepheline syenites of Budeda and Tororo. At Toror, only the observation
* The feldspar has a small 2V (probably around 30°) and between
1.322 and 1.323, (Ref. Deer, Howie and Zussman, I963, 4, figs. 30 
and 28.)
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that small areas of the nepheline syenite are seen in thin section to be 
free from feldspar, and to have the texture and mineralogy of a hypabyssal 
ijolite, gives some indication that the nepheline syenite may be related 
to ijolite.
9* Nephelinite
Three minor intrusions of nephelinite are described by Du Bois on the 
south side of the complex. At the northern end of the North East Ridge, 
a small intrusion noted by the writer appears to have the shape of a mush­
room. It is surrounded by Basement rocks and in the section visible in the 
hillside has a diameter of 4 m., a "stalk" about 1 m. in thickness, and a 
vertical thickness of 1 m. from the base to the roof (fig. 4.33). The 
Basement here, although quartz-hearing, shows the effects of feldspathization 
along close channels which converge to form a fine-grained buff matrix 
around the larger crystals; within two inches of the nephelinite intrusion 
the fine-grained feldspathic matrix is reddened.
The nephelinite contains numerous xenoliths of coarser grained rocks, 
including ijolite and melteigite pyroxenite, up to 2 or 3 inches in diameter,
(a) The nephelinite
The nephelinite itself is multiporphyritic, containing abundant 
phenocrysts of nepheline which grade down in size to the groundmass. The 
nepheline is euhedral, but sometimes crystals are fragmental. They contain 
inclusions of acicular aegirine-augite, and at the extreme edge enclose 
groundmass. Nepheline evidently crystallized more or less continuously 
throughout the consolidation of the rock. It shows slight alteration to 
flakes of cancrinite and calcite, and occasionally crystals are replaced by 
coarse sheaves of natrolite, but on the whole the mineral is fresh.
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Pyroxene is less v/ell formed than nepheline and some crystals are 
corroded. It consists of green aegirine-augite, sometimes patchy in 
colouring, with some pale diopside and occasional buff-coloured titanaugite. 
Magnetite grains are enclosed at the margins. Melanite euhedra are zoned 
from golden brown centres to dark brown edges, the smaller crystals becoming 
increasingly darker. They are accompanied by magnetite*, which is fairly 
abundant in the groundmass, Sphene is accessory, associated with melanite. 
Apatite is more abundant, characterised in this rock by the presence of 
numerous rod-like inclusions.
Other lime-bearing minerals occur sporadically. Wollastonite forms 
conspicuous crystals, sometimes visible in handspecimen, and pectolite 
occurs as slender prisms in the groundmass and replacing wollastonite. In 
patches, especially in the neighbourhood of ijolite xenoliths, a colourless 
mineral occurs which is possibly a variety of melilite (see appendix, 
p. 213). It is corroded at the margins and embedded in turbid, ferruginous 
groundmass (fig. 4.34).
Red-brown biotite is present in small amount and calcite is abundant 
as fine-grained flakes replacing nepheline and pyroxene in the groundmass.
(b) Xenoliths in the nephelinite
Fragments of ijolite are the most common, and constitute the only 
occurrence of this rock-type recorded at Toror; they testify to the exis­
tence of such types in depth.
The ijolites consist of anhedral nepheline and pyroxene up to 1 cm. 
in diameter, together with a variable amount of melanite. Some crystals 
of nepheline contain trains of short rod-like inclusions of high negative 
relief, the individual rods being aligned parallel with the c axis of the
A chemical analysis indicates approximately 3% TiC^ in the magnetite, 
or 3.3896 calculated on the portion soluble after KHSO^ fusion.
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nepheline. The pyroxene, a patchy-coloured aegirine-augite, also contains 
many inclusions such as blebs of nepheline, apatite and ferruginous material, 
Melanite is evidently of late formation, occurring around the crystal 
boundaries of the other minerals (fig. 4.33) « It is zoned from dark brown 
cores to golden broi,vn rims, and locally (in SUT 128) is intergrown with 
abundant pale sphene which also occupies an interstitial, veinlike position. 
Apatite is also common in the xenoliths but is not noticeably full of 
inclusions as it is in the nephelinite. In SUT 128 sporadic plates of 
pectolite, and wollastonite with a nearly uniaxial character, are recorded.
There are also in the xenoliths of this rock patches of zeolite with 
varying habit : some is fibrous and spherulitic, and recognisable as natrolite, 
while some is finely granular or medium-grained with growth-zoning. Some of 
the fibrous zeolite is vermiform and associated with dark, altered prisms 
of an acicular mineral together with rhombic carbonate crystals (SUT 124). 
Adjacent to the zeolite aegirine-augite shows alteration to golden yellow 
acmite; this association between zeolite and acmite is also noted in the 
phonolites. Within the ijolite xenolith represented in SUT 128 is recorded 
the curious occurrence of quartz crystals, associated with deep green 
aegirine and limonite, the aggregate being surrounded by granular zeolite, 
probably natrolite. It can only be supposed that this represents a chance 
xenolith of granitic Basement in the ijolite, the quartz being protected 
by a coat of aegirine from further reaction; the zeolite presumably developed 
after the incorporation of the ijolite in the nephelinite.
Other xenoliths in the nephelinite include coarse-textured aggregates 
of pyroxene with apatite, the pyroxene varying in different examples from 
patchy titanaugite to aegirine-augite, and groups of melanite or melanite 
with nepheline. Occasional crystals of hornblende are surrounded by
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S eaves of red-brovm biotite around which in turn occurs a greenish sodic 
amphibole of acicular habit.
Apart from the irregular penetration of nepheline by turbid hydro- 
nepheline (:) and natrolite, the ijolitic xenoliths and xenocrystic mine­
rals are not noticeably modified in the nephelinite, although crystals of 
both nepheline and pyroxene are sometimes corroded at the edges. There is 
no doubt that the xenoliths are cognate.
In addition, occasional xenoliths of quartz-free biotite-fenite are 
recorded (SUT 123).
(c) Chemical composition of the nephelinite
The chemical ^nalysis of SUT 123 and the CIPW norm are given in table 
XI. The sample was chosen as free from xenolithic material as possible.
For comparison, analyses of two Napak rocks are given, one a nephelinite 
from the volcanic series, and one a plutonic rock from the central complex, 
together with that of a fragment of nephelinite dyke-rock from a Tundulu 
agglomerate vent (Garson, 1962, p.72). The Toror nephelinite compares very 
closely in composition with the Tundulu dyke-rock; apart from the unusually 
high K^O/Na^O ratio and high of the Tundulu nephelinite, all other
corresponding values are remarkably similar, both the nephelinites having 
high 00  ^(and CaO) and approximately the same values for iron oxides.
Both Garson and the writer selected independently for comparison the nephe­
linite lava K74 quoted by King (1949); a similar nephelinite lava is quoted 
by Davies from Elgon (1932, p.44 no.10), but otherwise most nephelinites 
tend to be higher in iron oxides, and in MgO especially where they contain 
olivine or melilite. Whereas the composition of nephelinite lavas is 
generally matched in the plutonic series only by the melanocratic ijolites, 
the nephelinite intrusions of Toror and Tundulu may be compared in compo-
Table XI. Chemical analysis of nephelinite
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60 K 74 SUNII7 G 663
SiO^ 39.54 43.23 40.20 37.70
TiO^ 1.35 2.96 2.22 1.64
A1^03 12.95 14.37 15.09 12.30
^°2S 5.85 6.99 7.07 6.14
FeC 4.40 4.96 4.49 4.22
MnC 0.42 0.21 0.15 0.42
MgC 2.86 3.41 3.90 3.27
CaP 15.57 10.09 15.18 13.74
Na^C 5.26 5.77 7.50 2.86
K O 3.76 3.47 3.84 4.88
AG5
0.24 0.97 0.78 2.28
H^0+ 1.38 2.90 0.11 1.60
H2O- 0.72 0.33
CO2 5.79 none none 6.61
99.37 100.33 100.21
60 C.I.P.W. norm
or
ab
an
ne
CaSiO 
di MgSiC 
FeSiC:
wo
mt
il
ap
ce
3
22.24
2.93
C.61
22.49
9.69
7.12
1.78
6.43
8.49 
2.37 
0.37
13.16
60. Nephelinite intrusion SUT 123, N slopes Toror Hills. K 74. Mela- 
nephelinite lava, Napak (King, 1949, p.4l). SUN II7. Ijolite, Lokupoi, 
Napak, anal. P.O. Tyler. G 663. Melanephelinite fragment in Kalicelo 
vent, Tundulu (Garson, 1962, p.72).
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sition with a mesocratic ijolite such as Nil? from Napak. It may also be
noted that the nephelinites of Toror and Tundulu are higher in MnO and
lower in TiO^ than both the volcanic and plutonic representatives at Napak.
Summary of the geolof;ical history of the Toror complex
1. Fenitization and feldspathization of the Basement gneisses is the first 
recognisable phase. The alteration affected an area some 3 miles in 
diameter.
2. Brecciation of feldspathic rocks at depth gave rise to the intrusive
feldspathic-fenite breccias, which by recrystallization formed trachytic 
rocks. These early intrusions have a radial distribution. Metasomatically 
developed concentrations of apatite and pyrochlore occurred locally.
3. Brecciation at the present level affecting feldspathized Basement 
trachytes and apatite-rocks produced the ferruginous breccia. This 
brecciation may have accompanied the emplacement of the main carbonatite 
intrusion.
4. Further localized brecciation gave rise to the calcareous breccias.
3. The group of ferruginous carbonatite dykes in the northern sector
appears to post-date the calcareous brecciation.
6. These were followed by the emplacement of later trachytes and subse­
quently by an episode of limonite-veining.
7. The emplacement of phonolites followed the carbonatites in the form of
successive intrusive dykes. A large mass of phonolitic breccia was
emplaced in the central vent, within the carbonatite, but eccentrically, 
towards the southeast. This was followed by the emplacement of further 
phonolitic intrusions, the mass of Toror Peak probably representing the 
final central plug, and other masses taking the form of cone sheets or
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fissure-intrusions.
8. Minor faulting occurred after the intrusive activity.
There is of course no direct evidence relating to the extrusive 
activity of the volcano, but the sequence observed in the subvolcanic complex 
suggests the following episodes of activity at the surface : l) feldspathic
tuffs, trachytic tuffs and possible trachyte domes; 2) carbonatitic tuffs 
and possible lavas; 3) phonolitic tuffs and lavas.
Du Bois (1936) suggested that the Toror volcano consisted largely of 
nephelinite. This was based on an analogy with the carbonatite complex 
of Napak and its nephelinitic superstructure, and on the proximity "in 
space and time" of the two complexes. This last factor, for several reasons, 
is irrelevant. Moreover, the analogy between the complexes of Napak (Lokupoi) 
and Toror is not as close as it might seem at first sight. The Toror car­
bonatite has approximately eight times the diameter of that of Napak, and 
in place of ijolite Toror has abundant phonolite. It will be appreciated 
that there is no actual evidence that nephelinite v/as ever abundant at 
Toror. There are very few dykes of nephelinite, and plugs are absent al­
together (although these are common at Napak [King, 1949, p.l3’J). If 
nephelinite did reach the surface by way of a central vent, it must have 
done so before the carbonatite was emplaced at its present level, for there 
is no nephelinite (or ijolite) in the central part of the complex as
exposed at the present day.
Assuming the existence of early nephelinite, the sequence of volcanic 
activity would then have been: l) nephelinite pyroclastics and lavas;
2) trachytic tuffs auid lavas; 3) carbonatitic tuffs and lavas; 4) phonolitic
* See pp. 162-177.
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tuffs and lavas; the first stage would have been the dominant one, if a 
volcano of Napak/Elgon type is envisaged. It may be noted that such a 
sequence is in contradistinction to that recorded by Davies at Elgon 
(1932), where feldspathic tuffs, phonolites and trachytes occurred early 
in the history of the volcano.
In view of the uncertain relationship between Toror and the nephelinite 
volcanoes, perhaps one should bear in mind that surface activity could have 
taken a different form. Instead of a nephelinite cone, an explosion crater, 
from which were ejected predominantly trachytic and phonolitic tuffs over 
quite a wide area, is not an unreasonable supposition (compare the Quaternary 
centre of Laacher See in the Eifel region of Germany). Explosion craters, 
with associated deposits of tuff and agglomerate, and subordinate lava 
flows, are characteristic of the alkaline volcanic activity of parts of 
Western Uganda (cf. Holmes and Harwood, 1932; Combe, 1937); although ultra- 
mafic rocks predominate among the ejectamenta, and leucite-bearing varieties 
not represented at Toror, carbonatitic lava is recorded from Kalyango in 
the Fort Portal area (von Knorring and Du Bois, I96I).
The petrogenesis of the Toror rocks is considered (p. I78) in relation 
to the other complexes.
162
Part V: NAPAK
Introduction
Napak provides a magnificent illustration of the relation between a 
carbonatite-ijolite complex and its volcanic superstructure, for the topo­
graphic features most graphically reflect the geology (fig. 3.1). A pano­
ramic view across the dissected volcano, from near the Soroti-Moroto road 
(see frontispiece to Volume I) takes in the rugged north-facing escarpment 
of the volcanic pile of Napak; a low-lying area of Basement between the 
escarpment and the central conduit which is marked by the ring of ijolite 
hills known as Lokupoi; in the centre, a smaller conical hill, Moruongeberr, 
which is formed of carbonatite. Other remnants of the volcanic cone, Koche- 
maluk and Lokeru, are disposed, at a distance of a few miles, around 
Lokupoi. On the north-western side of the road (and not shown in the 
photograph) are the low ridge of Kopopwa, formed of basal sediments, and 
the mountain of Okathira, the steep-sided volcanic mass which marks the 
gateway to Napak and Karamoja (fig. 3*2). The southern extension of Okathim 
is terminated by the cylindrical agglomerate plug of Alekilek (fig. 3*3)•
The nature of the volcano and its intrusive carbonatite, was first 
appreciated by Bisset (1933, pp.40-43) and the area was subsequently mapped 
by King in 1939. His description, published in 1949, remains the most com­
prehensive account of Napak. The writer visited Napak with King in 1938, 
and spent a further few days there in I960. The present account is intended 
to enlarge upon certain aspects of the complex which were not known or which 
were described only briefly in King's work. The recent study of Napak has 
been shared by several members of the research team at Bedford College: 
field observations and a preliminary examination and identification of
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thin sections were made by the writer; both the field data and pétrographie 
data have been covered more systematically by King. An account based on this 
work is in the press (King and Sutherland). A large number of chemical 
analyses was carried out by R.C, Tyler, and the results incorporated in 
King’s account of the petrogenesis of the alkaline rocks of eastern Uganda 
(1963)* Some of the mineralogical determinations were made by B. Collins.
The Napak area has also been investigated by Trendall as part of the 
quarter-degree sheet, but the report (Explanation of the Geology of Sheet 
33) has not so far been published. Work is continuing on the Napak rocks.
In particular, the writer is concerned with a study of the fenites, using 
specimens from the few exposures and also from borehole cores made available 
by the Geological Survey.
1. The volcanics*
The bulk of the volcanics consists of agglomerates, and King has 
estimated that only 3 per cent are lava flows. Among the lavas, melane- 
phelinites and nephelinites predominate, together with varieties bearing 
olivine and/or melilite. The only plagioclase-bearing lava is the basal 
flow, a mugearitic type of probable hybrid origin. In the nephelinite 
series, nepheline is generally euhedral, and is accompanied by a pale diop- 
sidic pyroxene which, in the more leucocratic rocks, is a green aegirine 
augite. Pyroxene in the groundmass is fringed with needles of aegirine.
Iron oxides are ubiquitous, and perovskite and apatite are common accessory 
minerals.
Amygdales occur commonly in both the lavas and the agglomerates; in­
fillings include several zeolites and calcite. Fragments of lavas of the
* King, 1949, 7-12, 21-36.
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Scime type as those of the flows predominate in the agglomerates, but Base­
ment gneisses, fenites and, especially higher in the series, ijolitic 
types also occur.
2. The central intrusive complex
The outcrops of ijolite on Lokupoi are extraordinarily heterogeneous, 
but it has been possible to recognise a sequence of events.
(a) Pyroxenite
In many exposures, particularly on the southern and eastern sectors 
of the lone hill in the group, the earliest phase is a dark, fine-grained 
basic rock. In its apparently unmodified form this rock is a very dark 
pyroxenite which in thin section is seen to consist almost entirely of an- 
hedral, colourless pyroxene. Iron oxide may be abundant (3 to 10 per cent), 
and purplish-brown perovskite is common, often fringing the grains of ore. 
Apatite and colourless sphene are accessories. Occasionally orange-brown 
biotite is present in conspicuous amount, as ragged plates and aggregates, 
and in these rocks iron ore may be absent.
(b) Melteigite
The pyroxenite shows modification to melteigite, which has a more 
green appearance and slightly coarser texture. In thin section the pyroxene 
is seen to be marginally altered to green aegirine-augite, and interstitial 
nepheline is present. Melanite is common, replacing both the iron ore and 
the perovskite, and often the biotite, Sphene is an abundant accessory.
(c) I.jolites
The basic rocks have been extensively invaded by ijolites, often as a 
succession of veins and diffuse patches, among which the pyroxenite 
melteigite masses form angular relics. The relationship is illustrated by 
figs. 3.4 A,C, and 3.3 A to H, drawn from field sketches, and the photo-
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graphs (figs. 3.6 to 3.10).
The ijolites are variable in a number of ways: in their manner of 
development from melteigite, in the growth of new minerals such as melanite, 
and in the formation of banded structures of various kinds. Sometimes the 
transition from melteigite is a gradual one, the proportion of nepheline 
increasing without any change in grainsize, producing a mesocratic, mottled 
rock. The melteigite may, however, become peppered with small crystals of 
nepheline, and nepheline-rich pods and stringers sometimes pick out a vague, 
banded structure (fig. 3*9)• Fig. 3*4A shows two sets of banding in a 
melteigite xenolith. The ijolite surrounding these xenoliths is often 
medium- to coarse-grained and leucocratic. As the alteration of the 
melteigite proceeds further, the melteigite mass becomes made over into 
ijolite with a banded structure formed by streaks rich in pyroxene and 
melanite (fig. 3*3D), relics of melteigite remaining as schlieren. Such 
ijolites have the appearance of having been mobile, but a similar texture 
would be produced by the continued "pod-replacement” of melteigite.
Often, however, the melteigite/ijelite junctions are very sharp 
(fig. 3.8); they are straight, and define masses of melteigite of angular 
outline, from which it is supposed that the ijolite developed along a network 
of veins. Fig. 3.30 shows an instance where small structures (here a vein) 
can be traced from one melteigite mass to another, suggesting that the 
ijolite developed by replacement rather than intrusion. Banded structures 
are not seen in such ijolites at this stage.
Within masses of ijolite, banding is often present. Usually it results 
from variation in grainsize and/or mineral proportions between the different 
bands. The most obvious banding depends on varying proportions of nepheline, 
but wide variations in the relative amounts of melanite and pyroxene are 
also common (fig. 3«H)»
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The ijolites are similar to those of Budeda in their textural 
variation; the darker rocks show melteigitic texture (cf. p. 23 ), while 
paving texture”, consisting of subhedral nephelines surrounded by prisms 
of pyroxene (p. 26 ), is seen in many of the lighter coloured rocks; 
most of the intermediate ijolites have a typically ijolitic texture with 
mutually interfering nepheline and pyroxene. The pyroxene often grades 
from pale diopside in the centre to aegirine augite at the rim. Melanite 
is exceedingly common at Napak. It develops later than nepheline and 
pyroxene, and forms crystals of poikiloblastic appearance, often euhedral 
in outline, having numerous enclosures of pyroxene and nepheline (fig. 3*12). 
The size of the melanite grains varies rapidly from one band to another.
It is chocolate-brown or opaque, often zoned to pale yellow at the margins. 
Sphene is often enclosed.
Other minerals are not common, Biotite, pale orange and occasionally 
with greenish pleochroism, is sometimes grown on pyroxene. Iron ores are 
rare in the ijolites in contrast to their abundance in the pyroxenites.
The mineral associations suggest that in the former the ferric iron is 
accommodated in the aegirine molecule and in melanite.
(d) Ijolite pegmatites
Transecting the variable ijolite/melteigite complex is a series of 
ijolite pegmatites, which vary from diffuse and irregular to sharply defined 
and parallel-sided (figs. 3*4, 3.3, 3.10). Whilst some veins show no off­
setting of earlier structures and are formed by replacement, others are 
demonstrably dilational (fig. 3«3B), Some of the veins consist of nep­
heline, aegirine and melanite evenly distributed; others have borders of 
the dark minerals, and in many cases aegirine, strongly prismatic, is 
oriented perpendicular to the margin of the veins in comb-structure
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(fig, 3*4D,E). In all cases the pyroxene of the pegmatites is richer in 
aegirine than that of the ijolite or melteigite host, and pyroxene crystals 
common to both host and vein are of deeper green in the area of the vein 
(e.g. oUN 33). On the southern slopes of Lokupoi ijolite pegmatite speci­
mens were obtained in which biotite is conspicuous; it is pleochroic from 
Pale to greenish brown, and is accompanied by nepheline, a pale green non- 
pleochroic pyroxene, nearly opaque melanite and clove-brown perovskite.
The ijolite pegmatites clearly developed over a period of time, for 
many cross-cutting relationships can be observed. In some instances, 
pegmatitic veins were cut by later non-pegmatitic ijolite, sometimes with 
diffuse margins but also with sharp junctions,
(e) Urtite
Locally the late ijolite is very leucocratic, and on the northern 
sector of Lokupoi is commonly nepheline-rock. In many places the nepheline- 
rock net-veins the ijolite complex (cf. fig. 3«7); sometimes isolated 
euhedral crystals of nepheline occur in adjacent melteigite, but also con­
centrations of pyroxene may be observed alongside the urtite veins.
Locally the urtite develops transitional zones against ijolite, and variably 
coarse-textured ijolites are formed (fig. 3.3H). The pyroxenes in this rock 
are deep green, prismatic, and sometimes show parallel orientation. Nep­
heline is euhedral, and may show two stages of growth, the cores being 
euhedral and containing inclusions of pyroxene, the outer parts being 
clear and having intergrown boundaries. Melanite sometimes occurs between 
the two zones.
The urtite-ijolite complex is further transected by later veins of 
pegmatite and of fine-grained, mesocratic ijolite.
(f) Late urtite
The latest phase which cuts all other members of the ijolite complex 
is a coarse-grained urtite, forming dyke-like bands up to several feet in 
width. These are prominently developed on the isolated hill of Lokupoi 
(fig. 3.10). The commonest rock-type is a pegmatitic wollastonite-urtite, 
which is banded and often displays comb-structure, formed by the orientation 
of bladed wollastonite perpendicular to the bands. The bands themselves are 
formed by permutation of two or three of the minerals wollastonite, nepheline, 
melanite and aegirine (fig. 3«4b). On the isolated hill, the banding in 
these pegmatites is east-west, and cuts across a banding in the earlier 
ijolites which is predominantly north-south.
In thin section the rock is seen to consist of coarse-grained anhedral 
nepheline, slightly flecked with cancrinite, with subordinate zoned 
pyroxene which is sometimes intergrown with elongate crystals of wollas­
tonite. Pectolite is associated with wollastonite. Brown melanite, zoned 
to paler margins, is common, and sphene, perovskite and apatite are 
accessories.
Shearing and brecciation of the ijolites is sometimes seen in the field; 
under the microscope the effect is seen to be the formation of fine-grained 
aggregates of nepheline and pyroxene. Secondary alteration is sometimes 
associated with shearing but also occurs as patches and veins. On the 
northern and northeastern sectors of Lokupoi extensive belts of nepheline- 
rock have become structureless and yellowish-weathering owing to alteration. 
Nepheline is altered to cancrinite, zeolites including natrolite, and calcite; 
melanite is replaced by colourless andradite, and aegirine-augite breaks 
down to turbid material including haematite and calcite.
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(g) Feldspar-bearing rocks
On the southern slopes of lokupoi, and on the spur facing the lone 
hill on the northern sector, a good deal of loose material consists of 
feldspathic rock and banded feldspar-bearing rock; outcrops of these rocks 
are scarce, but occasional exposures demonstrate that the feldspathic 
rocks form dykes and veins in the ijolite complex. The banded rocks of 
the southern part of Lokupoi consist of thin layers (2 cm. or so) of 
medium-grained mesocratic rock recognisable in thin section as cancrinite- 
syenite, with intervening layers of syenitic pegmatite in which the laths 
of pot ash-feldspar, up to 3 or 4 cm, long, may be oriented perpendicular to 
the banding, or form a coarse meshwork (fig. 3*13)« The cancrinite-bearing 
rocks (e.g. SM 93 and 102) are of interest since the cancrinite occurs 
as elongate prisms of primary aspect ; these rocks closely resemble sarnaite 
(cf. Budeda, p. 33), The feldspar forms a background of twinned laths, 
uneven in outline, in which needles of green aegirine and acicular cancrinite 
are enclosed. A small amount of albite occurs in some specimens, either 
marginally to the potash feldspar, or as perthitic flecks. Pods of calcite 
surround and replace the feldspar and cancrinite, without corroding 
aegirine. Similar textures are observed in the obviously related rocks 
v/hich are foyaites and "syenites”. Specimens of foyaite obtained near the 
summit of Lokupoi, and on the northern sector, consist of laths of potash 
feldspar (see appendix, p.209 ) with enclosed acicular aegirine and 
occasional subhedral nepheline; in SUN 121 the nepheline is flecked with 
cancrinite, but SUN 331 from the northern slopes contains apparently un­
altered nepheline, together with independent analcite, n few flakes of 
biotite occur as replacements after pyroxene.
In the absence of feldspathoid, these rocks grade into syenitic types
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with no change in texture. These rocks are termed "aegirine-orthoclasites" 
since texturally they resemble orthoclasites (cf. Tororo, p. 74 ; Toror, 
p. 121) more closely than they do syenites. Twinned laths of clear to 
cloudy orthoclase form a "background" mosaic in which acicular aegirine is 
enclosed, sometimes in small patches or stringers, when not abundant, and 
sometimes as radiating sheaves and rosettes, associated with limonite. In 
SUN 326, original laths of feldspar, slightly cloudy, and with few inclusions 
of aegirine, have recrystallized into groups of smaller crystals, in a 
groundmass of similar feldspar containing abundant needles of aegirine.
The marginal zones of some of these feldspathic masses are of interest, 
for they clearly represent replacements of ijolite. The rock produced is 
a nepheline syenite in which nepheline forms both rounded, embayed crystals 
enclosed in potash feldspar and also resorbed crystals of euhedral outlines; 
the nepheline has a variable distribution, locally forming concentrations 
with aegirine augite, which have an ijolitic texture.
Rather similar nepheline syenite is believed to be a marginal facies 
of ijolite. It is exposed on the southwest side of Lokupoi, in the region 
of the low col which joins Lokupoi to the lone hill. Here the ijolitic 
rocks are fine-grained, and show structures similar to flow-folds. SUN 
509 is found in thin section to contain anhedral plates of poikilitic feld­
spar which enclose subhedral nepheline, apatite, sphene, and pyroxene.
Between feldspar-rich patches the rock is fine-grained but ijolitic, con­
sisting of an intergrowth of anhedral nepheline and pyroxene ; the latter 
approaches prismatic habit, but in outline is very irregular. Sphene is a 
conspicuous accessory, in the form of small rods, many of which are aligned. 
They occur with pyroxene but are also common in the feldspar.
Some nepheline syenites, however, contain euhedral nepheline crystals in 
which tiny needle-like crystals of pyroxene are enclosed. Potash-feldspar
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is again interstitial,
Ttirjaj^. ;imong the ijolites on the eastern flanks of Lokupoi occurs a 
mass of grey, fine-grained porphyritic rock variably spotted with biotite.
The margin is diffuse and unchilled, but the mass is apparently intrusive, 
since it contains xenoliths of ijolite, melanocratic rocks, and feldspathic 
rock. The intrusion contains a good deal of melilite, an unusual occurrence 
in the plutonic rocks, and, although coarse-grained, resembles both tex­
turally and mineralogically the melilite-nephelinites. The principal 
minerals are a pale diopsidic pyroxene, nepheline and melilite (see p. 213 ) 
but in varying proportions. All three minerals occur as phenocrysts, up 
to 1 cm. in diameter, and as small grains in the groundmass. Larger 
crystals of melilite often enclose pyroxene and nepheline and sometimes 
marginally form symplectic intergrowths with the pyroxene. Grains of black 
ore are abundant, and perovskite is common. Biotite is sporadic, but locally 
abundant, sometimes as large sieved crystals; it is of a pale orange brown 
to pale green colour. Melanite forms occasional films around ores, perov­
skite and biotite.
Unlike the original turjaite described from the Kola Peninsula (see 
Johannsen, 1938, p.323) the Nap&k rock contains well crystallized and 
fresh melilite.
(h) Fine-grained dykes
Occasional dykes with chilled margins cut the ijolites; they closely 
resemble the nephelinite lavas. Occasionally, slightly different rock-types 
are encountered; SUN 300 is apparently a dyke-rock, although not found in 
situ, which consists of wollastonite-microijolite. The nepheline crystals 
show two stages of growth, an early euhedral phase containing inclusions 
being followed by irregular outgrowths free from inclusions. There is a
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hint of layering, as nepheline tends to form in rows, one crystal deep, with 
anhedral, prismatic pyroxene alongside, some aligned parallel with the 
layering. The pyroxene is diopsidic, with patchy zoning to aegirine-augite. 
Wollastonite forms independent crystals of nearly euhedral outline, and 
shows twinning. Both pyroxene and wollastonite contain minute brownish 
grains of sphene or yutile. Sphene, together with pectolite, occurs around 
groups of nepheline and pyroxene.
Other dykes which cut the ijolites include carbonatite (see below).
Beyond the central intrusive complex the few dykes recorded consist 
of altered nephelinite, in which the nepheline is pseudomorphed by aggre­
gates of cancrinite, and also of lamprophyric types. In addition to those 
described by King (19^9, p.36) from Okathim, lamprophyric rocks occur in 
the Basement around Lokupoi; borehole specimens consist of abundant flakes 
of pale, red-brown biotite, together with granules of a brown garnet, 
sometimes accompanied by aegirine, and subordinate black iron ore, in a 
groundmass of granular cancrinite and zeolite. Calcite occurs in patches, 
and wollastonite is seen occasionally. Specimens show at least two periods 
of dyke-injection, with little change of rock-type.
(i) Carbonatite
The small central hill of Moruongeberr, 1; mile in diameter, consists 
of carbonatite, but the contact is nowhere exposed (fig. 3«l4). Outcrops 
commonly exhibit a concentric, vertical banding (fig. 5.15). The rock is 
composed largely of calcite, with a fine- to medium-granular texture, but 
siderite forms isolated crystals among the calcite and chemical analyses 
by King show local variation in the content of iron- and magnesium- 
carbonates (op.cit., p.#). Magnetite is abundant, sometimes as large 
euhedra, .and pyrochlore and baddeleyite have been recognised as accessories.
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The carbonatite of the dykes is similar, and wollastonite is recorded 
(op.cit., p.40).
The carbonatite is locally brecciated and, in a number of places around 
the lower slopes of Moruangeberr, it is cut by small masses of agglomerate 
consisting of carbonatite fragments in a ferruginous groundmass.
3. The peripheral fenites
Between the central intrusive complex of Lokupoi and the elevated 
pediment of Basement rocks which outcrop along the inner scarps of the 
volcanic remnants, exposures are almost wholly confined to a low ridge 
about one mile south of Lokupoi. Here the Basement rocks are shattered 
or sheared and fenitized. The trend of the ridge and the direction of 
shearing are parallel to the circumference of Lokupoi in this sector 
(nearly at right angles to the regional trend of the gneissic foliation), 
suggesting that concentric faulting or shearing occurred around the central 
complex similar to that postulated by Davies at Bukusu (1936, p.38).
Two boreholes sited between the fenite ridge and Lokupoi penetrated 
fenites and ijolites respectively and have served to define more closely 
the limit of the central complex without, however, providing any infor­
mation as to the nature of the boundary.
Among the rocks of the Basement complex, coarsely foliated quartz- 
feldspar gneisses, and finer—grained granulites, predominate * They con­
tain variable amounts of clinopyroxene, hypersthene and garnet, and
locally biotite and muscovite.
The fenitized gneisses of the ridge are traversed by numerous sub- 
parallel shears, occupied by fine-grained green material* (fig. 5-16). In
* This was recognised by Bisset in 1933.
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the field it appears that a new orientation is produced around blocks of 
gneiss of slightly different orientation (fig. 3.17)« The mechanism of 
reorientation has not yet been studied in detail in all the available 
specimens, but a number of textural changes can be recognised in thin 
section. The rocks so far investigated are predominantly plagioclase- 
quartz gneisses, with varying amounts of hypersthene, and garnet. In these, 
fenitization is often marked by an alteration of the earlier calcic plagio- 
clase around the edges. Cores of the older plagioclase, often oval or 
elongate, and having turbid margins, are surrounded by more sodic plagioclase 
of similar orientation. This happens especially alongside veinlets of 
closely packed tiny prisms and fibres of greenish sode-amphibole and 
pyroxene. Often the mafic minerals completely surround these "zoned" 
crystals (fig. 3.18). The sheared rocks exposed on the ridge show, in 
addition, granulation of the plagioclase in patches and along channels, 
generally beginning at the margins of the crystals, and in some places 
the earlier crystals are traversed by very narrow fine-grained veinlets of 
alkali feldspar. Occasional patches of alkali feldspar develop, together 
with fibrous amphibole, having a sweeping trachytoid habit, but the "laths" 
in detail consist of a number of small crystals (SUN 301). In some 
specimens, recrystallization of quartz to fine-grained granular patches 
is seen.
Garnet becomes net-veined by fine-grained biréfringent material 
generally recognisable as biotite; sometimes aggregates of brown biotite 
and aegirine occur, and in some specimens the garnet is surrounded by 
aggregates of feldspar and biotite which is pleochroic from colourless to 
pale brown (SUN 183). Clinopyroxene and hypersthene are seen to be fringed 
by amphibole, but ultimately may become turbid relics which contain calcite.
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As well as replacing the dark minerals of the gneiss, fenite minerals 
occur abundantly along narrow, sub-parallel veinlets through the quartz and 
feldspar. They consist of closely packed fibrous aggregates of amphibole 
and subordinate aegirine. The amphibole varies in habit and colouring, and 
in its fibrous form is very difficult to distinguish from chlorite. Close 
examination of some of these rocks leads to the conclusion that most of the 
fibrous material is in fact amphibole, and chlorite is probably only inci­
dental. The early form of amphibole, often occurring after pyroxene, is 
recognisably prismatic and very pale yellow or colourless, with a moderately 
low birefringence, and is probably a type of actinolite. These crystals 
are sometimes zoned, having margins (and occasionally irregular patches) that 
are pleochroic in deeper shades of greeny-grey and yellow-brown, or bluish- 
green to violet-grey. This later form has very low birefringence, and is 
an alkali-amphibole of the eckermannite group. In its fibrous form this 
alkali amphibole is very abundant, and is pleochroic in shades of green, 
grey-green, or brownish, often showing high dispersion. It develops after 
biotite, penetrating along the cleavages, and also forms fibrous aggregates 
with fringing prisms projecting into quartz and feldspar alongside the 
veinlets.
aegirine is recognisable by its high birefringence, although again 
the colouring varies; some crystals have colourless centres and blue-green 
margins, with uniform birefringence and extinction. It sometimes forms the 
first fringe around original pyroxene, to be followed by the alkali- 
amphibole. Along the centres of some veins, calcite occurs with cloudy 
(titaniferous ?) granules of iron ore.
The biotite of the fenites is generally pleochroic in shades of 
orange or reddish brown. It is not always clear how much of it represents
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new crystallization, for in some cases the original brown biotite is 
changed without any modification of form. Sometimes pale cores are 
surrounded by orange coloured margins.
Other minerals occurring in the fenites are apatite and sphene, both 
as large grains. The sphene is a dark, cigar-brown colour, and is often 
seen close to garnet.
Owing to the variability of the gneisses the chemical changes con­
sequent upon fenitization are not easily determined. Judging from the new 
minerals developed, addition of alkalis and alumina, ferric and ferrous iron 
have probably occurred, together with lime and titania, and silica is reduced.
4. Derivation of the Napak rocks
In his early account King considered that the Napak volcano (and 
the similar volcanoes, such as Elgon, in the same group) developed from 
a carbonated ijolitic magma (op.cit., p.47), the nephelinite lavas being 
regarded as equivalent to the ijolite which crystallized under plutonic 
conditions at the central vent. The carbonatite he considered to represent 
the final differentiate of such a magma.
More recently, however, King has demonstrated the divergent trends of 
crystallization of the volcanic and plutonic series and, in particular, 
the marked chemical difference between nephelinite and ijolite (fig. 3.19, 
reproduced from King, 1963, fig. 10, p.86)*. Thus the series melanephelinite • 
nephelinite is chemically distinct from the series melteigite - ijolite - 
urtite, but the fact that the two series coincide, or overlap, in the 
region of melanephelinite - melteigite, is regarded as significant. From
ill new chemical analyses of Napak rocks are included in Appendix (2).
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this, and from field and pétrographie evidence, the Napak rocks are consi­
dered to have developed from a magma essentially melteigitic in character. 
Eruption of such a magma gave rise to melanephelinites and, by differen­
tiation, nephelinites were developed. Under plutonic conditions, in which 
volatiles were retained, soda-lime-rich ijolites, urtites, and carbonatites 
were produced.
The central plutonic complex is considered to have developed after the 
formation of the volcanic cone, at a period when the main vent had finally 
become blocked. The material emplaced in the lower part of the vent was 
melteigite-pyroxenite, The pyroxenite probably represents an accumulation 
of diopside crystals precipitated from melteigite magma; fragments of it 
subsequently became incorporated in the melt and modified.
The ôvents which took place within the central vent are largely meta- 
somatic, and represent crystallization not only in the presence of retained 
volatiles but under conditions of continued accumulation of volatiles from 
magma crystallizing at depth.
Thus the melteigite became modified by the rising emanations to form 
ijolites and then urtites (largely by soda metasomatism, but potash also 
enters into the nepheline molecule, and femic constituents are removed).
Lime also accumulates in these metasomatised rocks, forming melanite, then 
wollastonite, and finally calcite. The cancrinite syenites and aegirine 
orthoclasites developed at a late stage in the sequence, as potash and 
CO^ reached a certain concentration.
At times the build-up of volatiles and alkalis acted as a flux and, in 
rock types of appropriate composition, mobile phases were produced. Certain 
ijolites, nepheline syenites and cancrinite syenites probably were emplaced 
in this way, but the most important is the carbonatite itself.
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PàRT VI: ASPECTS OF ÂLKaLI ROCK GENESIS
^• Relationships inferred between the Uganda complexes
Two main factors control the arrangement of the rock types within 
the complexes. The pattern is in the first place determined by the extent 
to which one rock type has invaded the others. Secondly, the observed 
arrangement depends on the level to which the complex is eroded. The 
carbonatite is emplaced variously in melteigite and ijolite (Budeda and 
Napak) and in quartz-bearing fenites (Toror). At Tororo the carbonatite 
of Limekiln Hill is intruded at a low angle across successive zones of 
silicate rocks. At Budeda, the patches of carbonatite are small and are 
considered to be replacements of ijolite. There may be more carbonatite 
below the surface, but this would not alter the impression that at 
Budeda we are approaching the level at which carbonatite is being formed.
At Napak the carbonatite is again emplaced in ijolite, but here it forms 
a larger, intrusive body. It is inferred that Napak represents a later 
stage of development, and a relatively higher level.
Ijolite is absent from Toror at the present level, but it can be 
inferred from the presence of ijolite xenoliths in nephelinite that rocks 
of the ijolite series occur at depth. If ijolite once existed at the 
present level, its place has been taken by the large mass of carbonatite.
The marginal intrusions of carbonatite in the northern part of Toror 
dip towards the centre of the complex, an attitude which suggests that the 
carbonatite tapers downwards. It may have risen as a result of an 
"explosion" from an underlying focus (cf. von Eckermann, 1948), and below 
this would be the place where the carbonatite had been accumulating.
Thus Budeda, Napak and Toror are considered to represent three
179
different levels in the development of a carbonatite complex. Tororo 
probably represents a rather lower level than Toror but higher than 
Napak.
rxt a high level the carbonatite apparently opens to form a funnel 
(often a succession of concentric funnel-like intrusions cf. Homa 
Mountain); at Napak the carbonatite, only mile in diameter, represents 
the stem region of the funnel, v/hereas at Toror the carbonatite funnel 
is nearly 3 miles across. The funnel shape of many volcanic intrusions 
is well established, and has been related to a stress pattern; many 
examples can be seen in the small alkaline centres of the Rhenish massif 
in Germany.
Also characteristic of the higher levels are hypabyssal intrusions 
such as the phonolites of Toror and Sukulu, and the fine-grained carbonatite 
dykes of Tororo.
Fenitization is more advanced at deeper levels: at Budeda the well- 
developed syenitic fenites are nepheline-bearing, but nepheline is not 
recorded in the fenites of Tororo, and at Toror quartz is only locally 
eliminated to form syenitic fenites. Feldspathization,« on the other hand, 
is often very marked at the higher levels, and appears to be more potassic 
at these levels (cf. Tundulu, Garson 1962).
The relationship between the Uganda complexes is illustrated dia- 
graramatically in fig. 6.1.
Having thus put forward a scheme by which the various alkaline 
complexes may be related, it is proposed in the following sections to 
discuss certain aspects of their development.
* Saggerson, 1932.
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2. Sequence of metasomatism 
(3-) Metasomatism of the country rock (fenitization)
In all the areas studied, metasomatism of the granitic country rock 
has occurrea initially along a network of narrow channels in which the 
original feldspar and quartz is often seen to be granulated. The pro­
portion of feldspar to quartz is apparently increased and plagioclase 
tends to become more sodic in these restricted channels, but the relative 
proportion of the alkalis in the new feldspar is probably variable. In 
the outer parts of the fenite zone, the development of aegirine and sodic 
amphibole evidently occurred rather later than the granulation and initial 
feldspathization. The dark minerals preferentially replace quartz, and 
this may account for the reduction oi- complete absence of quartz in the 
fine-grained channels.
Closer to the alkaline centres at the rather deeper levels represented 
by Budeda and Tororo not only is quartz eliminated, but textures indicate 
a more intense granulation and recrystallization, at Budeda the compo­
sition of the pyroxene developed in the syenitic fenite is more diopsidic 
than in the outer fenites. The zoning observed in the pyroxene is not 
readily explained; cores of augite and diopside are surrounded by more 
aegirine-rich pyroxene. Crystallization may have occurred with waning 
temperature (a suggestion which is borne out by the perthitic nature of 
the feldspars) and, being a recrystallization in the solid, equilibrium
was not always attained.
Successive waves of metasomatism are demonstrable at Budeda (p. 31 ); 
the early fenitization was followed by feldspathization which tended 
to increase the potassium content of the fenites, and later by the
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development of further veinlets of pyroxene, often accompanied by 
nepheline. The latest episode of feldspathization was apparently 
rather more soda-rich.
at Toror, fenitization has in places led to the development of 
biotite (and possibly chlorite) in the outer zone, with sodic amphibole 
and then aegirine towards the centre of the complex. Feldspathization 
is not always recognisable as a separate phase, but locally highly 
feldspathic rocks are formed. A t  both Toror and Tororo a later phase 
of ferromagnesian veinlets is recorded, in which biotite and/or limonite 
are characteristic (p. 139).
Thus it is evident that femic and feldspathic constituents were 
evolved intermittently, sometimes simultaneously. The femic consti­
tuents were carried in a medium that tended to react with silica in the 
rock. At Alno, the initial effect of the emanations was one of hydration, 
and steam was no doubt one ®f the main constituents of the medium. But 
hydration is not characteristic of the Uganda fenites, and water vapour
is not considered to have been an active constituent. The cations
2+ 3fintroduced are now fairly well documented: Fe , Fe , Na, Mg, Ca, Mn, Ti. 
The nature of the anions is more speculative, as rarely have they been 
fixed. Phosphates and fluorides are noted occasionally. The most likely 
anion is 00^ "^, probably with HCO^ ". alkali carbonates are known to 
react with silica to form silicates (Fitel, 1934, p.879) and the CO^  
formed by this reaction is likely to escape through the channels of the 
fenite without trace. Whether any SiO^ is carried away with CO^  is not 
certain. Although,in terras of weight per cent, silica is reduced the 
amount actually removed may not be great, since the rock density is 
increased.
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b^) Metasomatism in the intrusive rocks: the development of the 
plutonic complexes
The present study has led to an appreciation of the part played by 
metasomatism in the development of the plutonic complexes. At both 
Napak and Budeda the ijolites are largely metasomatic in origin, having 
formed by a series of replacements of more basic melteigite.
It is inferred that the pyroxenites originate largely as the cumu­
lative product of crystallization of pyroxene from a magma of melanephe­
linite composition. Subsequently, rafts of jpyroxenite may be carried to 
higher levels and modified in melteigite magma.
During the crystallization of melteigite, pyroxene is precipitated 
first, and the liquid becomes enriched in nepheline. If no removal of 
pyroxene occurs, the crystals are gradually made over to aegirine augite 
and finally nepheline crystallizes in the interstices. If, however, the 
pyroxene is withdrawn the nepheline-rich liquid will be pressed out; 
in a closed system (i.e. with the vent blocked) CO^  and H^O are also 
accumulating in this residuum. It is evident that the residual fluid 
works its way to higher levels where melteigite is already wholly or 
partly crystallized. In this way it is envisaged that melteigite becomes 
modified by an excess of its own residuum. Nephelinization of melteigite 
clearly involves some exchange with the introduced fluid; CaO, MgO, iron 
oxides and some SiO^ are probably returned to the fluid. These constituents 
later become precipitated as new minerals: melanite, wollastonite and 
ultimately carbonate minerals. Potash is not accommodated in any of these 
minerals, and only in limited amount in the nepheline; its concentration 
is therefore enhanced in the final carbonate-rich liquid and it becomes 
fixed as potash feldspar, the water vapour pressure being too high for
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the formation of leucite. The final residuum crystallized as carbonate 
minerals (locally with some separation into dolomitic and ankeritic 
residua, as at Toror, comparable with the situation at Chilwa Island 
(Garson and Campbell Smith, I938)).
oometimes the residual material collects to form a magmatic body 
of some size; this could happen at any stage, so that individual masses 
of nepheline syenite, feldspar carbonatite (Tororo), and feldspar-free 
carbonatite (Budeda) are represented.
The general sequence of metasomatism in the intrusive rocks is: 
introduction of Al^ O^ , Na^O (K^ O) (nephelinization); 
introduction of K^ O, SiO^ (feldspathization);
introduction of CaO, CO^  (carbonation).
These constituents are however not the ones that are increased in the 
country rocks during fenitization, which are characteristically femic 
constituents: Fe^ O^ , FeO, TiO^ , MgO, MnO and CaO, On the contrary, the 
relationship appears to be complementary: during the development of the 
intrusive rocks, femic constituents are evidently removed. If it is 
concluded that they were returned to the impregnating fluid by exchange, 
it seems reasonable to suggest that these constituents might be respon­
sible for the femic fenitization in the country rock.
It can be argued that the fenites are always recognisably earlier 
than the alkaline rocks that intrude them. Nevertheless it may be noted 
that the fenites are characterized by a succession of melanocratic vein­
lets; the fenitization was probably initiated by early plutonic crys­
tallization at depth, and later veinlets may be attributed to successive 
episodes of nephelinization and feldspathization in the plutonic rocks.
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It is inherent in this argument that the source of the fenitizing 
solutions is considered to be the differentiating melteigite magma. 
Whether or not the residuum contained any fenitizing potential by the 
time it reached the composition of carbonatite depends to some extent 
on whether the constituents had already been allowed to escape. The 
evidence at Toror and Tororo (and from Garson's accounts, at the 
Malawi centres) indicates that potassium feldspar is associated with 
the carbonatite magma.
The sequence of metasomatism in the country rocks and intrusive 
rocks (based largely on Budeda) is represented schematically as 
follows:
Changes in Metasomatism of Metasomatism of
residual fluid intrusive rocks country rocks
Mainly
carbonates
Introduction of CaO, CO^ , P^ O^
3. ? - Removal of basic oxides - ? 
and SiO^
Kfp (+ calcite) 
2.
Introduction of K^ O, SiO^
Removal of Fe^ O^ , FeO, CaO, MgO 
(feldspathization)
Introduction of 
K^ O, SiO^
(feldspathization)
Nepheline Introduction of A1 0 Na 0, K O  Introduction of
(+ Kfp, + calcite) 9 ^  , FeO, CaO,
1. Removal of Fe^ O^ , FeO, CaO, MgO 
(nephelinization)
MgâpTxOp, NinO,
A S
(fenitization)
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3» The origin of nepheline syenites
It will have been noted from accounts of the individual complexes 
(po 28, 69, 169 ) and from the foregoing section that rocks of 
nepheline syenite composition evidently developed metasomatically both 
in the fenite zone and in the intrusive series, by the nephelinization 
of syenitic fenite and by the feldspathization of ijolite respectively. 
Whereas the first process is one that has been widely recognised* since 
the concept was first introduced by von Eckermann (at AlnW, 1942) and 
Gummer and Burr (at Bancroft, 1943), the second has not previously been 
described.
at those complexes where a second type of nepheline syenite has 
been observed (showing intrusive relations), various suggestions have 
been made regarding the origin of these rocks. They have been interpreted 
either as mobilized nepheline-fenites (von Eckermann, Garson, Johnson) 
or as hybrids "crystallized from the molten mixture of the basic silicate 
magma and the country rock partially fused by it" (Lehijarvi, I96O, p.28; 
also Saether).
The evidence at these localities is not easily assessed; the rocks 
of the critical "transitional zone" are generally heterogeneous and con­
fusing (Saether notes that "mapping of rock types is impossible" in this 
zone (1937, p.44) and von Eckermann expresses a similar view (1948, p.ll)).
* For example, at Spitskop (Strauss and Truter, 1931); Messum (Korn 
Martin, 1933); Fen (Saether, 1937); Rangwa (McCall, 1938); Dorowa 
(Johnson, I961) and Tundulu (Garson, 1962).
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The intrusive nepheline syenites (generally referred to as foyaites, 
juvites and malignités) are distinguished from the nepheline-fenites 
by their cross-cutting field relations. They are also separable 
petrographically. Von Eckermann (op.cit., p.43) makes the clearest 
distinction, based on the sequence of crystallization, which in the 
nepheline-fenite is early feldspar - late nepheline, and in the 
intrusive nepheline syenite is the reverse.
For the claim to be made that two such distinctly different rock 
types are related by mobilization of one to give the other, some link 
must be demonstrable between them. At AlnB, the link cited is a 
structural one. Von Eckermann (op.cit., p.43) records relic migmatite 
banding in the mobilized nepheline syenites. One wonders, however, 
whether the discordant banding observed in these rocks is in fact the 
same as the banding in the migmatites, in view of the complex array of 
banded structures that may be observed in alkaline complexes emplaced 
in country rock exhibiting no foliated element in the first place. 
Unfortunately pétrographie descriptions of this important transition at
AlnB are not detailed.
‘ At Tundulu, Garson has made a careful study of the relationship 
between the foyaite ring-dyke and its aureole of nephelinized fenite.
He considers that a transition exists between the two rock types in 
certain localities, noting that "mobilized parts" of the nephelinized 
rocks have a fine-grained, trachytoid texture and contain patchy inclusions 
of less nephelinized rock (1962, p.64). Petrographically the transition 
again, is not easily traced. The fine-grained "mobilized" rock is 
characterised by phenocrysts of orthoclase up to 8 mm# long which enclose 
small nepheline crystals; they are surrounded by smaller orthoclase laths.
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nepheline, pyroxene and melanite. In the nephelinized fenite textures 
are more heterogeneous, but there are two possible links with the 
intrusive rock, (l) recrystallization of microperthite has given rise 
to ’euhedral laths of orthoclase and albite’’ (op,cit., p.62) and (2) the 
pyroxene gradually changes towards aegirine augite with lower aegirine 
content (op.cit., p.63, table VII). In other respects, there are marked 
differences between the two rock types. Despite its recrystallization 
in the nephelinized fenites, albite is absent from the ’’mobilized’’ rock. 
The nepheline, moreover, shows very different habit and composition in 
the two rocks (op.cit., p.121, table XXV). It is, furthermore, difficult 
to equate the coarse-grained pulaskitic foyaite which Garson suggests is 
the initial product of mobilization (op.cit., p.ll7) with the fine­
grained trachytic rock which he describes elsewhere (p.64) in these 
terms.
In the writer's opinion, although mobilization of pulaskitic fenite 
remains a plausible interpretation, the possibility remains that the 
fine-grained trachytoid nepheline syenite might represent a marginal 
textural variation of the foyaite ring-dyke.
In an attempt to find a pattern in the chemical relationship between 
the metasomatic and the magmatic nepheline syenites, the chemical compo­
sitions of some of the examples quoted have been plotted in the Barker 
diagram illustrated in fig. 6.2. The range in silica percentage is con­
siderable, from less than 40 to over 60 per cent in both rock types.
This reflects variation in both colour index and the proportion of 
nepheline. For most oxides, there are no appreciable differences between 
the two types of nepheline syenite, although the fenites tend to show 
consistently lower values of Al^O^ and Na^O than the intrusive rocks.
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and MgO and TiO^ are on the whole higher. Although, treated in this way, 
the evidence is inconclusive, the differences noticed in these oxides 
may be significant. It may also be noted that the Na^O/al^O^ ratios 
for the Malawi rocks (fig. 6,3) show a clear distinction between 
nephelinized fenites and foyaites*.
Hybridization has been suggested to account for the magmatic 
nepheline syenites of Fen (Saether, 1937) and livaara (Lehijarvi, I96O). 
Whilst this may reasonably explain the heterogeneous nature of the rocks 
and their close association with ijolitic masses, chemical and pétrographie 
evidence is lacking. The present study of the Uganda rocks has led to 
the conclusion that hybridization between ijolite and the surrounding 
fenite is inadequate in the derivation of the nepheline syenites 
(p. , ). The nepheline syenites are chemically equivalent to
ijolite plus potash feldspar (not ijolite plus syenitic fenite) . Since 
feldspathization of ijolite is found to be a common phenomenon in the 
Uganda complexes, it suggests itself as the most probable mechanism for 
the genesis of certain nepheline syenites. At Tororo, feldspathization 
occurred in two distinct episodes, giving rise initially to nepheline 
syenite and at a later stage to variously feldspathic rocks ranging to 
orthoclasites; whereas the early phase of feldspar-bearing rock developed 
at the margin of the ijolite, the late feldspathization took place in 
the rocks adjacent to the intrusive carbonatite, xit Budeda, the felds— 
pathization was in some respects intermediate between the two types, 
for although it affected the marginal zones of the ijolite bodies it was 
also accompanied by carbonate metasomatism, with the development of 
cancrinite.
This distinction is not maintained by examples from other localities.
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It is suggested that this phenomenon may have wider application than 
in the complexes covered by the present work. At Fen, Saether has noted 
that the basic rocks are in part feldspar-bearing” (1937, p,46), and 
at hangwa McCall has described rocks which in the field are indistingui­
shable from ijolites but which are seen in thin section to contain feld­
spar, and he further ’’suggests that there is a gradation, and not a 
marked break, between the foyaitic and the ijolitic rocks” (1938, p.32). 
Carson has remarked on the presence in the ijolites of Tundulu of 
clear feldspar ”as interstitial plates between nepheline crystals”
(1962, p.120) and a similar phenomenon is noted at Chilwa (Carson and 
Campbell Smith, 1938, p.66). At the Kokipie centre in Uganda, Trendall 
describes ’’ijolites in which there is a variable quantity of interstitial 
orthoclase” and remarks that ’’the orthoclase patches give the impression 
that they crystallized from a liquid of the approximate composition of 
orthoclase which permeated the interstitial spaces of a mush of older 
nephelines and pyroxenes” (I962, p.33)- The presence of pockets of 
interstitial feldspar in ijolites leads to the conclusion that potash 
feldspar is one of the components of the late fluids of crystallizing 
ijolite. Where feldspathization has been more intensive, transforming 
larger areas of ijolite into nepheline syenite, it is inferred that the 
ijolite has been metasomatized by an excess of this residual fluid, 
presumably rising, in association with volatiles, from magma crystal­
lizing in depth. Whilst the nepheline syenites thus appear to have 
formed largely by metasomatic processes, they can nevertheless be regarded 
as a form of differentiate resulting from magmatic crystallization. In 
this way a connection with the phonolites of the volcanic series can be 
recognized, both rock types being derived as a result of magmatic
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although the crystallization history in each case was 
probably rather different.
It may be noted that whilst theories such as mobilization of fenites 
and hybridization may explain some aspects of the plutonic complexes 
they are not easily reconciled with the generally accepted notion that 
in the volcanic series phonolites are developed by differentiation of 
basic magma. It is suggested that the derivation of nepheline syenite 
inferred from the present study provides a more satisfactory link with 
the development of phonolites.
4. Development of the volcanic rocks
(a) The nephelinite series
The lavas represented among the volcanics consist largely of 
nephelinites ranging in composition from olivine melanephelinite to 
nephelinite, together with melilite-bearing nephelinites. Crystalli­
zation in the nephelinite series may be referred to the pseudo-binary 
system described by Bowen (1928, p.260) and subsequently by Schairer 
et al. (1962) in which both olivine and melilite crystallize from 
liquids having the composition of mixtures of diopside and nepheline.
Thus melanephelinite may be regarded as the parental magma from which 
olivine and melilite nephelinites are derived, and the more nepheline- 
rich nephelinites by crystallization differentiation. (It may be noted 
that crystallization of olivine and melilite in the manner suggested by 
Bowen is suppressed in many of the nephelinites, which crystallize as
pyroxene/nepheline rocks.)
Evidence for the validity of crystal fractionation as a means of 
deriving the nephelinite series is provided by the occurrence in the
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plutonic complexes (at Napak and locally at Budeda) of diopsidic pyroxenite; 
concentrations of olivine are not common, but they are known for example 
at Bukusu (Davies, 1936) and at Shawa in Rhodesia (Johnson, 1961), whilst 
peridotite and dunite blocks are characteristic ejectamenta associated 
v/ith nephelinites in the Eifel region (Frechen, I963) and occur as nodules 
in the nephelinite of the Kaiserstuhl volcano of Germany (Wimmenauer, 1939)*
(b) Phonolites and trachytes
King (1963) has emphasized the point made by Bowen that crystalli­
zation of olivine and melilite from nephelinite tends to enrich the liquid 
in silica. Albite, analcite and acmite are regarded as the likely products 
of the reactions that give rise to melilite and olivine (op.cit., p.84).
The feldspar is likely to be more potassic than albite (since analcite 
and acmite accept little of the K^O that may be envisaged in the original 
nepheline molecule).
Crystallization in the plutonic complexes indicates that alkali 
feldspar is an important constituent of the residual fluids; in the 
plutonic rocks extreme fractionation of these fluids is indicated, and 
metasomatism by these fluids leads to a range of rock types including 
monomineralic feldspar-rock. It would appear that in the volcanic series 
such extreme fractionation is not represented, but the phonolites may be
regarded as the natural products of differentiation in the nephelinite 
*
series. It is possible that certain phonolites may be derived indirectly 
by mobilization of nepheline syenites derived in the plutonic series, 
but they would not be expected to contribute any large bulk.
Whereas the series nephelinite - phonolite may be explained by 
normal crystallization, the derivation of trachytic rocks is not simply
* Of. Bailey and Schairer, 1966, p.l60.
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explained, for residual liquids must cross the thermal divide that is 
known to exist between residua of phonolitic and more siliceous compo­
sitions. Tilley (1938) in considering possible mechanisms of crossing 
the thermal barrier suggested that the inconfruent melting of acmite might 
have more realistic application than that of orthoclase as suggested by 
Bowen. The writer believes that carbonate may be important in the 
residual system, since it represents effectively an anion equivalent to 
silica. Crystallization in the plutonic rocks is known to take place as 
follows:
nepheline .... nepheline + feldspar ... cancrinite + feldspar ••• 
calcite + feldspar
In other words, the place of silica in one of the minerals in the 
"phonolitic” residuum is gradually taken by carbonate. If the carbonate 
is rich in alkalic and other fluxes and does not crystallize at once, 
feldspathic rocks may be produced at this stage.
Since the accumulation of carbonate is not likely to take place 
during volcanic crystallization, feldspathic residua are to be expected 
more in the plutonic environment. The trachytic rocks occurring in the 
nephelinite volcanoes are therefore not envisaged as the products of 
differentiation. They may, however, be produced as a result of mobili­
zation of feldspathic rocks derived at depth. Such mobilization is known 
to occur at Toror in a hypabyssal environment and also at the Chilwa 
centres of Malawi (Garson, 1962), although the mechanism of mobilization 
is not well understood. For the trachytic and rhyolitic rocks of the 
Kenya volcanics, however, a relationship with basalt, rather than with 
nephelinite, is inferred.
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3 • The relationship between carbonatite and the alkaline rocks
Carbonatites have been the subject of controversial discussion 
among geologists for well over half a century; and controversy is as 
strong at the present day. The nature of the argument has, however, 
gradually shifted so that the points at issue today are not the ones 
that primarily concerned the earlier workers. For a long while the 
carbonatites were explained by some as hydrothermal replacements (cf.
Hogbom, 1893; Bowen, 1926), by others as a form of sedimentary limestone, 
either xenolithic (Shand, 1922 ) or mobilized (Brogger, 1921). An in­
trusive, magmatic origin was recognized by Kranck (1928) and Dixey ^  al. 
(1937), despite the obvious difficulty of the high melting point of cal­
cite. Since experimental work by W.yllie and Tuttle (196O) demonstrated 
the existence of carbonate melts at temperatures as low as 623°C, and 
since the extrusion of molten carbonatite lava was actually observed at 
Oldoinyo Bengal (Dawson,1962) the magmatic origin of carbonatites is no 
longer in question. But on the relationship between carbonatite and the 
alkaline silicate rocks, opinion is sharply divided between those who 
consider the ijolitic rocks to be derived by reaction between the carbona­
tite magma and the granitic wall rocks, and those who regard the carbonatite 
as a differentiate of ijolitic magma*. Unfortunately the evidence can
* It should be mentioned that contamination of granite by limestone 
is even today argued by some as an important factor in alkali rock 
genesis (cf. Schuiling, 1964) despite Tilley’s remark that such reaction 
is confined to basic and intermediate magma contacts (1938, p.334) and 
the note by Watkinson and Wyllie (1964) that assimilation of limestone 
would normally cause granitic magma to solidify sooner than generate 
alkalic magma.
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for the most part be interpreted in support of either view; consequently 
it cannot be claimed that the present study has so far revealed the 
solution of the problem. Nevertheless, whilst keeping an open mind the 
writer considers that, on balance, the evidence favours the derivation 
of carbonatite from alkaline silicate magma. Although the time is per­
haps ripe for a full and unbiased assessment of the wealth of evidence 
that has accumulated on these complexes, such treatment would be too 
lengthy here; only a few points will be discussed briefly.
(a) Field and pétrographie evidence
Campbell Smith noted (1936, p.207) that only at Napak was there good 
evidence that the carbonatite was later than ijolite. In fact, the 
evidence at Napak is not as good as it is at Budeda and Tororo where
contact relations and the enclosure of xenoliths of ijolite in carbona­
tite can be seen. There is no doubt that the carbonatite is late in all 
the Uganda centres (and, with the exception of Iron Hill, Colorado 
(Larsen, 1942) this seems to be substantiated at other complexes).
This observation in itself may be reconciled equally with carbona­
tite as a derivative and as a primary source material. But detailed 
relationships are more critical. Where carbonatite is seen invading the 
surrounding rock the following observations can be made:
(l) iit Tororo it penetrates ijolitic rocks, syenites and the granitic 
country rock; nowhere is it surrounded by a nepheline-rich metasomatic 
envelope, in fact nepheline is destroyed in those rocks that contained it. 
Even quartz remains in the granite. At Budeda, nepheline disappears in 
the region of the carbonatite. At Toror, quartz is present in Basement
rocks in many places near the carbonatite margin.
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(2) The metasomatism associated with the carbonatite is feldspathization 
(often highly potassic); this involves actual increase in silica in the 
case of ijolitic rocks.
(3) Whereas the pyroxene of the ijolites is characteristically aegirine 
augite, when xenoliths of ijolite are incorporated in carbonatite at 
Tororo the pyroxene recrystallizes to a composition near aegirine.
Can these observations be reconciled with the hypothesis that emanations 
from the carbonatite gave rise to fenites and ijolites by metasomatism?
If this is so, the carbonatite has radically changed its character from 
the time when it developed ijolite in its aureole to the time when it 
broke through these rocks, destroyed the ijolitic minerals and developed 
feldspar and aegirine in their place. Can such a change of character be 
produced by changes of temperature and pressure? Perhaps experimentalists 
will show that it can. Meanwhile, it does not seem the simplest way of 
explaining these things.
At Budeda, veinlets of ijolite have developed by replacement in the 
syenitic fenites (clear evidence that the metasomatic changes, contrary 
to Saether’s belief (1937), are not beyond the limits of possibility); 
however, xenoliths of "ultrafenite” (ijolite) occur, not in carbonatite, 
but in melteigite and cancrinite syenite. This observation, together with 
those made (above) with regard to the carbonatite, suggests that the source 
of the metasomatic emanations that gave rise to fenites is ijolitic magma 
rather than carbonatite. It should be noted, however, that it is possible 
to interpret the xenoliths of ’’ultrafenite” as unmobilized patches in 
otherwise mobilized ijolite of ultrafenite origin. At present, the writer 
prefers the simplicity of the former view.
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Similarly, the presence of interstitial calcite in many ijolites, 
and also in nephelinites, can be interpreted as an indication of a calcite 
residuum; but ijolite developed by metasomatism from a carbonate source 
might also be expected to contain carbonate.
It has been argued that the volume of carbonatite is often small 
in comparison with the large volume of alkaline silicate rocks (including 
nephelinite volcanics). Johnson (196I, p.13?) quotes James’s estimate 
of 3 per cent for the carbonatite at Napak, assuming (arbitrarily) that 
it goes to a depth of as much as 20 miles. This argument, on reflection, 
seems doubtful, for two reasons. Firstly, the amount of carbonatite 
remaining is not relevant to the amount that is presumed to have given 
rise to the bulk of alkaline silicate rocks (the liberated CO^ having 
escaped)• Secondly, it evidently cannot be assumed that nephelinite 
necessarily existed at some complexes, unless it is assumed to be present 
at depth (cf. Tundulu, Toror) which makes it, in such cases, difficult to 
derive the carbonatite from nephelinite. On the other hand, the huge 
volumes of carbonate material that would be required to form nephelinite 
piles the size of Elgon represent a formidable concept; yet if we look 
for it, we can find evidence for such a reaction, for Davies (1932) has 
noted that a high proportion of the Elgon volcanics consists of calcite
and zeolite.
(b) Geochemical evidence
Although analytical data for both major and trace elements are now 
very numerous the results have seldom been presented in a manner specifi­
cally for the purpose of demonstrating the relationship between the 
carbonatites and the alkaline rocks. This has been done recently by
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van Wembeke (1964) for the silicate rocks and carbonatites of the Kaiser­
stuhl; a regular pattern of geochemical evolution is shown for many 
elements (particularly for Nb and rare earths which are above normal 
concentration in the basic members and increase through phonolites to the 
s/vites), from which it is concluded that "les carbonatites représentent 
le stade final de différenciation du magma alcalin” (op.cit., p.132).
Two additional factors, however, indicate that the problem is not 
so straightforward. Firstly, the chemical elements that show notable 
concentration in the alkaline centres are those which are known to be 
characteristic of the sialic crust (Ba, Sr, Nb, R.E., U, Th) and it 
could be argued that these elements have been acquired by carbonatite 
magma which reacted with crustal material during its ascent. Secondly, 
a more general observation that whilst both silicate rocks and carbona­
tites are abundant, there is by comparison only a feeble development of 
genuine carbonatite-silicate (i.e. intermediate) rocks, that is, other 
than those formed locally by processes of replacement or contamination.
This rather suggests that straight forward differentiation may not be 
applicable; however, liquid iramiscibility may provide a possible 
solution (cf. Koster van Groos and Wyllie, I963), and a metasomatic 
origin for the alkaline rocks is not the only alternative.
(c) Evidence from experimental systems
Notable contributions have been made to the crystallization of
carbonate systems (cf. Wyllie and Tuttle, I96O) and alkali silicate
, Nolan, 1966
systems (cf. Bailey and Schairer, 196^ ). Recent work by Wyllie and 
Haas (1963) has provided a valuable introduction to the crystallization 
of carbonate-silicate systems at 1 kilobar pressure; they show that a
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thermal divide separates a region of silicate crystallization and a field 
of carbonate-rich liqui cfe in which the ultimate "carbonatite magma” (at 
637 C) contains very little silicate material. Carbonatitic liquid can 
therefore be envisaged as a differentiate from magmas having a composition 
on this side of the thermal divide (i.e. more under saturated than a 
ratio SiO^:CaO of 1:2).
6. The nature of the primary source material
Any discussion of the nature of the ultimate parental magma is 
necessarily speculative. The type of source contemplated depends in the 
first place on whether it must be regarded as giving rise to carbonated 
nephelinite magma, or directly to carbonatite. In the former case the 
alkaline character is inherent in the magma, but in the latter instance 
the alkalis are provided, at least in part, by crustal material, by 
subsequent reaction.
Parental pyroxenite has been suggested (Davies, 1932) partly on
the evidence of its occurrence at many alkaline complexes and partly to
account for the high content of lime throughout the series. It has been
*
pointed out, however (King and Sutherland, I96O), that pyroxenite is 
unlikely to furnish alkaline derivatives. Williams (1939) has argued in 
favour of derivation of nephelinite from alkali basalt. Whilst it is well 
known that nephelinites grade, through tephrites, into normal basalts, 
the mechanism of such a derivation is not understood. Williams suggests 
that precipitation of pyroxene would be effective (a notion well discussed 
by Bowen) but the form of the variation diagram depicted by Williams 
shows in fact that such a process is not adequate to derive the nepheli­
nites. Parental material related to kimberlite has been suggested by 
* Publication accompanying this thesis.
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Saether (1937), von Eckermann (1961) and Garson (1962) on the basis of 
the occurrence at many complexes of late intrusive rocks rich in cafemic 
constituents. At Fen, the rock type is damtjernite, characterized by a 
considerable amount of biotite, and is regarded by Saether (op.cit., 
p.138) as related to parental alkali peridotite/kimberlite. The mafic 
dyke rocks described by von Eckermann in Sweden range from olivine- 
bearing kimberlites to melilite-bearing alnoites, further variation being 
introduced by carbonate replacement. It should perhaps be noted that the 
term "kimberlite” is used for a wide variety of rock types whose chemical
*
compositions show great differences, particularly in the ratio of MgO/CaO.
Ideas on the part played by kimberlite in the genesis of the alkaline 
complexes differ among the various authors. Von Eckermann considers 
kimberlite itself to be derived from olivine melilitite by replacement 
of the melilite (I961). Garson similarly suggests a close association 
between the two rock types but considers olivine melilitite to represent 
the lower part of the body of magma (1962, p.209). He recognises a tran­
sition through intervening rock types from olivine melilitite to olivine- 
melilite nephelinite and considers alkalis in the latter to be derived by 
assimilation of wall rocks (op.cit., p.210). Saether, on the other hand, 
considers the alkalis and volatiles to be derived from the parental magma 
itself, becoming concentrated by diffusion towards the top of the magma 
body (1937, p.!4-%) . The alkali peridotite suggested by Saether may have 
a rather high ratio of K20/Na20 for the formation of ijolite and olivine 
melilitite may represent a closer composition. Bailey and Schairer (I966) 
support the view that ijolite could form as a residuum from melilite 
basalt (olivine melilitite), probably by partial melting.
* Von Eckermann, 1938.
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The processes by which such a magma might be derived must be 
considered in relation to the genesis of basaltic rocks (with which 
the alkaline rocks are sometimes associated). Kushiro and Kuno (1963) 
offer the explanation that partial melting of mantle peridotite might 
give rise to successively more alkaline magmas with increasing pressure. 
They suggest that incongruent melting of forsterite at depth would lead 
to the formation of enstatite and a liquid poor in silica, giving rise 
to nephelinites and melilitites.
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A P P E N D I C E S
1. Mineralogy
2. Collected chemical analyses 
(new analyses, many unpublished)
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Appendix 1
Mineralogy
The number of essential minerals which form the greater bulk of 
the alkaline rocks of these complexes is small, and of these pyroxene, 
nepheline and alkali feldspar are the most important, for they occur 
in a wide variety of rock types and show a range of composition and 
properties according to the environment in which they formed.
1. Pyroxenes
Alkali pyroxenes are ubiquitous in the silicate rocks of all the 
complexes, and locally occur also in the carbonatites. They are repre­
sented in both the plutonic rocks and the volcanics, often as the major 
mineral constituent. A study of the pyroxenes is therefore essential in 
an assessment of the petrological relationships between the various rock 
types 0
The nature of the pyroxene in a rock can be roughly assessed from 
its colour, birefringence and extinction angle. The colour can be mis­
leading, for it depends on the thickness of the rock slice, but generally 
it serves to distinguish aegirine augite (mid-green) from diopside which 
may be nearly colourless. For the more aegirine-rich pyroxenes, colour does 
not change systematically but the birefringence increases. The extinction 
angle, varying from c 40° in diopside, c 40° in diopsidic aegirine 
augite, and c 30° in aegirine augite to X ^  c 20° in aegirine-rich 
aegirine augite and X^ c 20° in aegirine, provides a fairly reliable 
guide to the composition of the pyroxene.
V/hen more precise optical measurements were attempted, results were 
found to be inconsistent (values for 2v in one rock ranged between
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-64 and +38 ). Whilst the variation may be explained partly by compo­
sitional zoning in the pyroxene, much of it is probably due to difficulties 
in actual measurement (arising from the deep body colour and occasionally 
high dispersion which makes extinction uncertain, and from the indirect 
method of locating X and the second optic axis). King (1962) has suggested 
that, for these pyroxenes, the angle A^c (between the optic axis and the 
intersection of the cleavages) is able to be more accurately measured.
It v/as also found that the optical and physical properties of a 
pyroxene did not coincide satisfactorily with a single composition in 
relation to the graphs of Winchell (1931, p.4l4) and Troger (1936, p. 64 ). 
Since these graphs only consider the end members diopside and acmite, it 
seemed that inconsistencies might be due to the presence of another molecule 
such as hedenbergite, Sabine (1930, fig.3) gives the optical properties of 
the acmitic pyroxenes, but only in relation to the series acmite - 
diopside + hedenbergite, (and the analyses which he quotes from Washington 
and Merwin (Sabine, op.cit.. Table III) show up to 60 per cent hedenbergite).
In view of these difficulties it seemed necessary to carry out chemical 
analyses of the alkali pyroxenes from Uganda. Three pyroxenes were analysed 
by the writer, but a more comprehensive study was then undertaken by 
Miss R.C. Tyler (M.Sc. thesis. University of London, I963) and an account 
of this work is in the course of publication (Tyler and King).
Fig. 7.1 (drawn from Tyler, I963, fig-3) shows the composition of 
the Uganda alkali pyroxenes in terms of the three main molecules diopside - 
hedenbergite - acmite. The distribution shov/s a continuous series from 
diopside, v/ith hedenbergite and acmite increasing more or less equally 
towards aegirine augite; thereafter acmite alone tends to increase at the 
expense of the other two.
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Miss Tyler has shown that the optical properties can, even now, be 
related to chemical composition only in general terms. The refractive 
index N(Tyler, I963, fig. 12) increases from 1,660 close to diopside 
to about 1,720 in aegirine augite containing equal amounts of the three 
end-members, and to I.763 in aegirine. A graphical representation is not 
simple, however; anomalies due, for example, to an excess of the CaSiO^ 
molecule, are common. Similar anomalies occur in the A^  ^c angle (op.cit., 
fig. 16 ) although the general pattern shows an increase from about 10°
near diopside to 33° near aegirine.
In fig. 7.2 extinction angles of some of the analysed pyroxenes are 
plotted. It can be seen that increase in hedenbergite content does not 
alter the extinction angle to the extent that acmite does. The same is 
true of 2v values (Deer, Howie and Zussman, I963, 2, p.6l).
The intrusive rocks show a continuous range of composition in the 
pyroxene (fig. 7.I). The melilite-bearing turjaite is closest to diopside, 
followed by pyroxenite. The ijolite series shows an increase in both 
acmite and hedenbergite, and later members (e.g. ijolite pegmatites) show 
increasing enrichment in this trend. Nepheline syenites and cancrinite 
syenites have a higher acmite content, the nepheline-free feldspar-aegirine * 
rocks being even more acmitic. The pyroxene present in the Tororo carbo­
natite is also aegirine-rich, but varies from ac where it is obviously 
derived from xenolithic ijolite to a c  in the recrystallized carbonatite,
and locally it contains 73 c^ nC.
The pyroxenes of the fenites have not so far been studied systematically. 
It is known that the pyroxene in the granitic fenites is close in composition 
to aegirine (N^ 1,747; N^ , I.803) and that in many syenitic fenites
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(especially at Budeda) aegirine-augite is more characteristic. Extinction 
angles in the various syenitic fenites of Budeda are plotted in fig. 7-3» 
Nepheline syenites contain a more sodic pyroxene than that of the 
ijolites; but in feldspathized ijolites (adjacent to the carbonatite at 
Tororo, for example) the pyroxene ranges from aegirine augite to 
aegirine (fig. 7.4).
2. Nepheline
The most detailed work carried out so far on the nepheline in the
eastern Uganda rocks is that by Hytdnen (1939)» He gives chemical,
optical and X-ray data for nephelines from the Toror phonolites. DuBois
(1936) also gives optical data for nepheline from the same area, and
Davies (1932, p.29) provides data for one of the Elgon phonolites.
Since optical data are considered to be an unreliable guide to
composition (Deer, Howie and Zussman, I963, 4, p.236), few measurements
*
of refractive index have been carried out . Chemical analyses of 
three nephelines from the Napak ijolites have been made by Miss R.
Tyler (table XI3) , The composition of the nephelines in these rocks 
varies from 23,4/ kaliophilite to 32/. It is evident that further 
study of the nephelines in the alkaline rocks would be useful.'"*
* Determinations on nephelines from Budeda ijolites gave N© 1.333,
N.e 1.338; and No 1.338, Ne 1.343 for SUB 27 and SUB 74 respectively.
 ^ NaoO/KpO determined on nephelines by J. Bartle as follows: from 
melteigite SUN 62, 2.83; ijolites SUÎ3 3U, 2.38; SUN 32, 2,87; SUN IO8, 2.87; 
SUN 133, 2,87; SUN 139, 2.9O; SUN 178, 3.49; ijolite pegmatite SUN 316, 3-40; 
urtites SUI^  32, 3-01; SUN 63, 3.04.
Table XII, Chemical analyses of nepheline from 
the ijolites of Lokupoi (Napak).
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SUN 23 SUN 114 SUN 29
TiO^
^^ 2^^3
FeO
MnO
MgO
CaO
Na^O
K^O
HgO+
HgO-
41.19
none
33.99
0.82
0.16
none
0.63
1.19
13.4?
8.37
none
1.13
39.19
none
34.33
2.20
0.07
none
0.97
2.36
13.78
3.99
1.20
0.71
39.37
none
33.33
2.16
0.11
0.12
1.43
13.97
7.09
0.01
0.26
S .G •
Calculated % 
kaliophilite
100.93
2.66
32.03
101.01
2.66
24.28
100.03
n.d.
23.40
Anal. R.C. Tyler
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3" Feldspars
The alkali feldspars studied in greatest detail, again by Hytonen, 
are those from the Toror phonolites. He has shown (1939, p.103) that 
several of the phonolites contain phenocrysts of monoclinic alkali feld­
spar ranging in composition from Or^^ Ab^^ to Or^^ /ib^  ^in different 
specimens, the feldspar of the groundmass being more potassic (Orgg 
in one instance); the feldspars are intermediate between orthoclase and
sanidine according to Hytonen's classification based on Tuttle and Bowen 
*
(1938) o In other specimens the feldspars are "intermediate microclines” 
shov/ing varying degrees of triclinicity and 2V values ranging between 48° 
and 72°; from their refractive indices these feldspars are more potassic 
than the monoclinic types.
Of the feldspars in the plutonic rocks, optical data are available 
for some of the feldspathic ijolites and cancrinite syenites of Budeda 
(table XIII). Despite their occurrence in rocks of varying composition and
Table XIII
! SÜB 237 SUB 282 SUB 265
N./ 1.321 1.521 1.521
1.526 1.526 1.526
.005 .005 .005
2V(/. 48° 49° 51°
SUB 237: feldspar pod in ijolite, Galala Hill,
SUB 282: cancrinite syenite (sarnaite), Budeda Hill. 
SUB 263: cancrinite syenite dyke, Disiyi island.
* They would be orthoclase cryptoperthites accor^ Jing to the nomenclature 
of Deer, Howie and Zussman (1963, 4, fig.28, p.38) after Tuttle (1932).
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texture, the feldspars are apparently very similar. From their optical 
properties they are orthoclase cryptoperthites with approximately 23 per 
cent Ab, a composition which is confirmed by partial chemical analysis 
of the feldspar in SUB 237 (Na^O 3.08, K^O 12.48; Or^ ^ 
cancrinite- and nepheline syenites give 2V values of 43° and 47°; a 
cancrinite phonolite shows zoned feldspars with 2V (inside) 36° and 
(outside) 38°.
Complete analyses of feldspars from three orthoclasites from Tororo 
and Napak have been carried out by Miss R. Tyler (table XIV ). Measurements 
of 2V are variable even in the same rock, but indicate that the Tororo 
feldspars are between microcline and orthoclase; the Napak feldspar has 
1,319, N V 1.323, 2V^ 40° and appears to be a higher temperature
form , orthoclase cryptoperthite (cf. Budeda feldspars, above).
The most potassic feldspars occur in the feldspathic fenites and 
trachytic rocks of Toror, as judged from the chemical analyses of the 
rocks themselves (table VI , p. 122); the feldspars have not been analysed 
separately, but refractive indices (table XV ) confirm their low soda 
content. Measurement of 2V angles of feldspars in the various potassic 
rocks of Toror shows that the mineral ranges between microcline and 
orthoclase in the feldspathic fenite, and that both orthoclase and 
sanidine may occur as phenocrysts in the trachytes, accompanied occasionally 
by crystals of microcline (presumed to be derived from the Basement).
The presence of both monoclinic and triclinic feldspars in some of the 
trachytic rocks is also brought out by X-ray diffraction patterns;
flections from the 13O-I3O planes show complex peaks (fig. 7.3) of there
Measurement by B. Collins
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Table XIV . Chemical analyses of feldspars from Tororo and Napak.
SUTO 164 SUTO 339 SUN 104 SUTO 321
SiO^ 62.90 61.91 64.00
(partial analysis 
by D.S.S.)
TiO^ none tr.
% 19.30 19.93 18.30
Fe^O^ ? 
FeO J
1.31 2.08 2.14
MnO none none none
MgO none none none
CaO 1.19 0.64 0.32
Na 0 1.61 2.21 2.00 1.0
K^O 12.14 12.44 11.46 14.3
% 0.01 none none
BaO 0.99 0.64 0.31
99.65 99.85 98.73
Calculated as:
Or 76.5 75.8 77.3 91.1
Ab 14.5 19.5 19.1 8.9
/n 6.2 3.2 2.8
Cn 2.8 1.5 0.8
60° 62° range 32-63°
(some 72°?)
Anal. B.C. T y ler
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form described by Mackenzie (1934).
Owing to their perthitic and heterogeneous nature, the feldspars of 
the fenites have not so far been studied, but investigation of X-ray 
diffraction patterns of homogenized material would be useful.
4. Other minerals
Of the minerals in the ijolites, melanite and wollastonite are 
important, developing as replacements at a late stage (pp.71 and l66). 
Neither mineral has been studied systematically as yet, but such data as 
are available are reproduced below.
(a) Melanite
Owing to their isotropic character and high refractive index, melanites 
are investigated by chemical analysis. Although many melanites are dark 
brown to opaque, zoning is often recorded, generally towards paler margins 
presumably of andradite; the zoning has not been investigated, /dialyses 
of more homogeneous melanites from the kjolites of Napak by Miss R. Tyler 
and one from the nephelinite with ijolite xenoliths at Toror by the writer 
are given in table XIV .
(b) Wollastonite
Wollastonite occurs in many of the Napak ijolites along veins and 
in patches, apparently by replacement. It is partly replaced by pectolite 
and subsequently by fibrous aggregates now represented by calcite.
The maximum value measured for 2V of the wollastonite is 38 » Inter­
ference figures often suggest that the 2V is smaller, but they are evidently 
misleading; also, there are comparatively few sections suitably oriented
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XVI» Chemical analyses of melanites from ijolites
SUN 114 SUN
517A SUN 48 SUN 93 SUI'I 128
SiOg 29.79 31.23 31.28 32,32 35.84
TiO^ 8.14 6.4l 6.60 8.51 2.18
A I2O3 none 1.96 2.21 2.03 3.06
23.89 21.55 21.68 19.67 ?6 26
FeO 3.87 3.08 2.98 3.42
MnO 0.20 0.13 0.13 0.18 0.39
MgO 1.63 0.43 none 3.32 0.31
CaO 32.26 33.69 33.70 30.43 29.55
NapO 0.26 0.61 0.61 0.64 0.72
K20 0.18 0.16 0.68 0.04 0.51
0.24 0.02 0.01 none
H2O+ )
H^O- j
none 0.32 0.11 -
100.46 99.59 99.99 100.56 98.82
S.G. 3.79 3.70 3.73 3.78
Anal. R.C. Tyler
for the direct measurement of both axes v/ith the universal stage and the 
impression is often maintained that the 2V is small. Hov/ever, the direct 
measurement of both axes gives a reliable figure of 36 to 38 . Refractive 
indices determined on v/ollastonite from Tororo are: 1.619,
N y 1.634; from an ijolite xenolith in nephelinite at Toror, 1.621,
N ^  1.632.
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(c) Melilite
iilthough common in the lavas (which have not been studied systematically 
in the present work), melilite is a rare constituent of the plutonic rocks.
It occurs in a mass of turjaite which is intrusive into the ijolites of 
Lokupoi (Napak, p.iyi).
A chemical analysis by Miss R. Tyler (below) indicates a composition 
corresponding to Ak^^ Geh^^ Fe-Geh^^ Na-Mel^^.
SiO^ 41.40
TiO^ 0.54
Al^O^ 8.09
4.87
3 Ne 1.625
O 'lZ  No 1.654  
MgO 6.29
CaO 32.30
Na^O 5.08
KgO 0.41
PgO^ 0.03
HgO 0.99
100.12
Refractive indices for melilite from the Napak lavas (King, 1949, p.33) 
are Ne 1.655, No I.66I, from which a much higher content of gehlenite
(70 per cent) has been inferred.
A mineral occurring in patches in the Toror nephelinite intrusion has 
the habit and uniaxial negative character of melilite, but an unusually 
high birefringence, calculated to be 0.025. It has a good cleavage parallel 
with its elongation (wliich is positive, indicating a tabular rather than
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prismatic habit) and a vague parting perpendicular to it. No = 1.6383»
The birefringence is higher than that indicated for iron (Fe^ *^ ) melilites 
(0.017, cf. Deer, Howie and Zussman» I962, 1, p.248) yet the refractive 
indices of the Toror melilite (?) are rather low. From data given by 
Bahama (I961) the birefringence of Fe^^ melilite is as high (O.ll) as that 
of Fe^ melilite (other oxides being nearly equal), and the refractive 
indices of the Fe^^ Vfiriety are very much lower. It is inferred that the 
Toror melilite (?) may be rich in Fe^^. The mineral is altered at crystal 
margins to a ferruginous material.
(d) Cancrinite
Measurement of the refractive indices of cancrinite separated from 
two cancrinite syenites from Budeda and from a dyke rock at Napak indicate 
a composition close to the pure carbonate end member (Deer, Howie and 
Zussman, 1963, 4, p.316).
Ne
No
SUB 263
1.3014
1.525
1
SUB 282 (sarnaite)
1.501
1.322
X 34/4
1.301
1.322
(e) Biotite
A programme of analysis of silicate and carbonate rocks from borehole 
cores of the Bukusu complex has been carried out by Miss J. Bartle. Biotite 
occurs as a replacement mineral in the silicate rocks, and is present 
(with magnetite) in the carbonatites (cf. Tororo, p. 83 )• Chemical 
analyses of four of the biotit es, with one from Tororo , . are given in 
table XVII Those from Bukusu have a similar composition, whether from
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carbonate-rich or carbonate-poor rocks. By comparison with the previously 
analysed biotite from biotit e-pyroxene rock (Davies, 1936, p.4-3) these 
biotit es have a high Fe /Fe^ ratio, cond contain rather less CaO and more 
"'’^2^3“ Tororo biotite is much lower in Al^O^ and K^ O, and is
richer in iron (especially Fe^ ^). The colour of the biotites ranges from 
greenish to red brown.
Table XVII. Chemical analyses of biotites from Bukusu and Tororc ..
376 400 430 444 323
BiO^ 37.45 37.10 36.15 36.86 40.09
TiO^ 1.52 1.31 1.46 1.36 0.38
A1 0 16,20 18.96 16.39 16.03 9.48
0.81 0.33 1,23 1.16 3.38
FeO 8.64 7.31 12.56 11.37 8.92
MnO 0.17 0.10 0.31 0.31 0.09
MgO 19.22 20.20 17.47 18.21 22.32
CaO 1.15 0.00 1.20 0.92 1.32
NaO 1.40 1.86 0.69 0.98 1.23
K,0 9.15 8.91 9.61 9.62 3.68
E^0+ 4.2 4.0 3.5 2.3 3.13
HgO- - - - - 1.73
P2O5 - — —
99.91 100.28 100.37 99.32 99.97
376 Biotite from carbonate-silicate rock, borehole lOB.
400 Biotite from biotite-magnetite aggregate, borehole l4.
430 Biotite replacing pyroxene in ijelite, borehole Ion.
444 Biotite from ijolite extensively replaced by biotite and ore,
borehole I7A (anal. J. Bartle).
323 Biotite from borehole, Toror* (anal. R. Tyler).
216
(f) nmphiboles
(l) In the agglomerate dykes of Tororo an olive-brov/n hornblende is 
abundant as crystal fragments. It has not yet been analysed chemically but 
optical properties agree with those of hastingsite with approximately equal 
amounts of Fe^^ and .
N.X 1.6703; I.689O; 0.183; 2V  ^ 68°; Z ^ c 24°.
The amphibole is not the same as that recorded by Davies from Bukusu (1936, 
p.43) wliich has the lower refractive indices suggestive of pargasite but 
a 2V of 60°.
(ii) In the fenites amphiboles are common but generally not abundant, 
and are difficult to separate from accompanying pyroxene.
In the granitic fenites a blue-green acicular variety is usual. Pleo- 
chroism varies in intensity but is characteristically: Z blue-green; Y green; 
Z greyish or violet. Extinction angles Z^ c 23°-28°. Refractive indices 
determined on a sample from Toror are: Nq( 1.6399; Ny I.6303, from which 
a composition of magnesioarfvedsonite bordering on eckernannite is 
inferred (some 70 per cent of the magnesian end member). I'V determined 
on amphibole from Tororo is 1.6461 indicating a higher iron content (60 
per cent of eckermannite). Amphibole of similar character occurs in the 
granitic fenite of Budeda, but in the syenitic fenites the habit and 
pleochroism differ: X (pale grey brown)< Y (dark grey brown) > Z 
(green-grey).
Appendix 2 
Chemical Analyses
1 2 3 4 3 6 7 8 9
SiOg 71.45 64.79 55.85 61.39 39.36 56.71 49.47 45.10 45.68
TiO^ 0,09 0.43 0.98 0.47 0.4l 0.68 1.00 0.85 0.64
Al^O^ 15.06 17.78 12.90 15.54 13.30 16.30 15.26 6.46 3.33
2.13 2.05 4.42 2.23 2.43 2.36 5.05 6.76 6.71
FeO 0.11 0.88 3.79 2.03 2.24 3.03 4.71 8.82 9.50
i4nO 0,09 0.09 0.19 0.13 0.09 0.19 0.33 0.36 0.4l
MgO 0.64 0.40 1.82 2.11 1.00 1.64 2.47 7.19 6.89
CaO 0.37 2.21 7.47 4.33 4.43 5.38 8.61 16.80 20.28
Na^O 3.05 8.42 4.48 6.17 3.^ 9 7.71 8.59 3.63 2.86
K^O 7.65 3.19 4.38 4.67 9.17 4.05 3.29 0.66 0.10
0.06 0.19 1.11 0.23 0.23 0.54 0.57 0.33 2.10
HrO^ 0.44 0.33 0.92 0.92 0.33 1.00 0.78 0.75 0.46
H^O-
GO2 — — — — 0.30 0.68 1.30 0.11
99.13 100.76 97.32 100.22 100.31 99.89 100.80 99.01 99.07
1. Slightly fenitized potassic granite SUB 273, Disiyi River.
2. Syenitic fenite SUB 223, spur NW Galala Hill. 3* Syenitic fenite
SUB 218, N side summit Budeda Hill. 4. Syenitic fenite with nephe- 
line SUB 221, NW summit Budeda Hill. 3. Potassium-syenitic fenite 
with nepheline SUB 242, saddle S Galala Hill. 6. Syenitic fenite with 
nepheline SUB 279, E slope Budeda Hill. 7» Ijolitic ’’ultrafenite” 
xenolith SUB 266, Disiyi River. 8. Melteigite SUB 13, Siroko S of
Bridge. 9. Melteigite SUB 27, Siroko S of Bridge.
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Table Un. Chemical analyses of Budeda rocks (continued)
10 11 12 13 14 15 16 17 18
SiO^ 45.49 47.71 45.38 48.18 47.70 50.25 52.57 49.55 53.93
TiO^ 0.41 0.72 0.40 0.60 0.49 0.62 0.60 0.42 0,32
AI2O3 11.99 17.35 17.57 17.24 13.65 19.50 16.44 16.80 18.27
^°2^3 7.08 4.91 5.41 2.84 3.27 2.42 3.91 4.30 1.54
FeO 6.46 4.73 4.49 3.16 3.10 2.51 1.83 2.92 2.15
MnO 0.35 0.19 0.24 0.16 0.25 0.20 0.19 0.46 0.11
MgO 3.82 1.85 2.90 1.34 0.43 0.41 0.75 0.17 1.08
CaO 12.32 7.54 7.96 8.26 11.23 5.67 6.72 6.39 5.15
Na^O 3.45 8.18 7.25 6.91 4.93 6.90 6.29 8.91 7.94
K O 1.35 4.44 3.15 5.64 6.04 6.50 5.55 4.96 5.66
% 0.16 0.43 0.08 0.49 0.55 0.32 0.17 0.35
0.26
H^0+ 2.94 0.92 3.16 2.14 1.58 2.87 4.58 1.83 0.72
H^O-
CO2 1.01 0.42 1.05 2.71 5.20 1.86 0.26 3.43 1.96
98.83 99.39 97.99 99.65 98.42 100.23 99.86 100.49 99.09
10. liolite SUB ?À, Siroko, S of Bridge. 11. Ijolite with feldspar 
SUB 302, Bundagala Hill. 12. Ijolite with feldspar STO 232 summit 
Galala Hill. 13. Cancrinite-nepheline syenite SUB 247, saddle o 
Galala Hill. l4. Cancrinite-nepheline syenite dyke SUB 262, Disiyi 
Hiver. 15. Cancrinite-nepheline syenite dyke SUB 265, Dpiyi island. 
16. Sarnaite SUB 282, E slope Budeda Hill. 17. Cancrinite 
phonolite dyke SUB 269, Disiyi. l8. Cancrinite-nepheline syenite 
SUB 311, Siroko N bank S of Bridge.
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Table III, Partial analyses of Tororo carbonatites
FeO
MgO
CaO
Acid insoluble
19 20 21 22 23 24 23 26
0.32 0.42 0.88 0,66 0.33 0,66 0.00 1.17
0.57 0.44 0.87 0.66 0.77 0.91 0.68 0.48
0.36 0.51 0.62 0.33 0.44 0.31 0.37 0.06
54.19 54.51 51.62 52.42 49.33 30.37 49.79 52.20
nd nd nd nd nd 3.32 nd
0.48 3.50 2.39 1.04 1.58 2.20 3.93 0.24
In analyses 20-26, Fe^O value may include some P^O^, not 
determined separately. Anal. A. Mayer.
19. Carbonatite SUTO 592, NW side, large quarry, W Limekiln Hill.
20. Carbonatite SUTO 593, some 40 ft. E of location of SUTO 592.
21. Carbonatite SUTO 594, E side of fault, some 40 ft. E of location 
of SUTO 595, 22. Carbonatite SUTO 595, again 40 ft., to E in same 
quarry. 23. Carbonatite SUTO 596, E wall of quarry. 24. Carbonatite 
SUTO 597, S side of quarry. 25. Apatite carbonatite SUTO 576,
SW corner large quarry. 26. Carbonatite SUTO 546 from quarry southern 
end Limekiln Hill.
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Table IVA, Alkaline silicate rocks from Tororo
27 28 29 30 31 32 33 34 35 36
SiO^ 54.63 63.86 67.01 72.99 57.84 54.56 60.90 51.14 43.34 60.57
TiO 0.56 0.72 0.79 0.18 0.41 0.36 0.25 0.44 0.59 0.46
^^2^3 11.40 16.73 14.63 14.64 13.15 11.92 15.95 14.69 13.95 15.60
^°2^ 7.41 4.05 3.54 1.26 11.25 6.93 5.89 1.12 5.69 7.20
FeO 1.87 0.49 0.54 0.06 0.83 0.49 0.14 2.33 3.96 0.00
MnO 0.99 0.35 0.23 0.10 0.14 0.50 0.25 0.16 0.27 0.l4
MgO 1.95 0.54 0.95 0.01 0.12 0.08 0.05 0.04 1.58 0.00
CaO 4.98 1.59 0.81 1.11 2.24 8.01 1.35 8.68 12.40 0.11
Ka^O 5.11 5.16 6.06 4.09 4.45 3.77 3.39 1.08 3.97 0.49
KgO 5.25 5.53 5.19 5.63 8.51 6.86 9.92 10.43 5.89 13.71
H^0+
H2O-
0.13
0.70
0.06
0.07
0.88
0.09
0.05
0.20
0.03
0.08
0.43
0.42
1.29
0,17
0.91
0.29
1.03
1.03
0.52
0.01
2.62
0.09
2.00
CO^
BaO
3.53 0.07 0.08 0.08 1.11 4.91 0.19 7.00 4.40 nd
0.08
98.63 100.32 100.11 100.66 100.76 99.30 99.60 97.68 99.67 100.45
Nos. 27-35, anal. M. Blackley. 36, anal. D.S.S.
27. Fenitized granite SUTO 5OI, E knoll. 28. Fenitized granite
SUTO 509, E knoll. 29. Fenitized granite SUTO 5l4, 30 ft. from SUTO 509.
30. Only very slightly fenitized granite SUTO 510, East Road.
31. Syenitic fenite SUTO 529, W of carbonatite contact, lower quarry,
W Limekiln Hill. 32. Syenitic fenite SUTO 598, SE slope Limekiln Hill.
33. Feldspathized syenitic fenite SUTO 529F (part of spec. 529, anal.
31). 34. Feldspathic rock SUTO 536, some 20 ft. E of SUTO 529.
35. Nepheline syenite SUTO 38, NE slope Limekiln Hill. 36. Trachyte 
dyke, East Road.
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1. I n t r o d u c t io n
T h e  b r o a d  d e s ig n a t io n  “  a lk a lin e  r o c k s  ” e m b r a c e s  w h a t  a re  c le a r ly  
se v e r a l d if fe r e n t s u ite s  o r  a s s o c ia t io n s  r a n g in g  fr o m  m ild ly  to
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strongly alkaline, saturated to undersaturated, predominantly basic 
to largely acid, and from sodic to potassic. Those of eastern and 
southern Africa are typically soda-rich and highly undersaturated, 
but they often show association with less extreme types, on the 
one hand with normal or slightly alkaline basalts, on the other 
with saturated syenites, while locally potash rather than soda is 
the dominant alkali.
During the past fifteen to twenty years detailed investigation 
of these rocks has been greatly stimulated by the discovery that 
m a n y  alkahne complexes are repositories of certain chemical 
elements of economic value, such as phosphorus, niobium and rare- 
earths, which are not easily obtainable from other sources (ref. nos.
1, 16, 26, 29, 47, 50, 59, 61, 66, &2*). Whereas the alkaline lavas 
occupy extensive areas in the sub-continent, the plutonic alkaline 
complexes are small, so that it is not surprising that most of the 
occurrences are recent discoveries, brought to light by intensive 
search, aided by the use of aerial photographs and modern 
prospecting devices.
Characteristic of the alkaline complexes are the associated 
carbonatites, yet there are complexes devoid of carbonatite, and 
carbonatites without alkaline rocks. Nevertheless, a connection 
between the two is certain and must be fundamental in an under­
standing of the petrogenesis of both. Before the recognition of 
carbonatites, the origin of the alkaline rocks formed the subject of 
m a n y  discussions (c/. Shand, 69, 72), but subsequently attention has 
been chiefiy directed towards the carbonatites themselves, which 
have formed the topic of recent reviews by Campbell Smith {76) 
and Pecora {61).
2. D is t r ib u t io n
The occurrence of extensive volcanics in a region of large-scale 
rift-faulting suggests a connection between the two phenomena 
{cf. Gregory, 32). That the faults provided the means of access to 
the surface is, however, sufficiently discounted by the evidence 
that faulting and vulcanism were not simultaneous. Moreover, 
fault movement appears to follow successive episodes of vulcanism, 
a fact which led Sikes {75) and later Kent {52, 25) to consider the 
possibility that it was the vulcanism which was in some w a y  
responsible for rift-faulting. The association of alkaline igneous 
activity with rift-faulting is by no means simple ; it is important to 
note, for example, that considerable sections of the rift valleys are
* Numbers in italics refer to the list of references, p. 318.
GEOLOGY 300
devoid of volcanics, while individual volcanoes are only exception­
ally located along the rift faults. Similar observations apply to 
the numerous plutonic centres (several of which are demonstrably 
volcanic sub-structures), for these, too, conform only in general 
distribution with the pattern of rifting, but, in detail, the alignment 
of centres rarely coincides with the faults. Fig. 1 shows the
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distribution of most of the known alkaline centres in eastern and 
southern Africa.
In Kenya the rift is marked by numerous volcanic cones and 
calderas, but lavas also extend westwards to the Uasin Gishu 
Plateau, northwards to the Turkana Mountains, eastwards to the 
Aberdares and Mount Kenya area, and southwards to the Ngong 
and Chyulu Hills. The plutonic complexes of R a n g w a  (<57), Ruri 
(64), H o m a  Mountain (68), and Burn (57) are aligned in an east-west 
direction approximately along the Kavirondo transverse rift, the 
northern side of which is cloaked by the volcanics of the Kisumu 
area, whilst at its eastern end is the volcano of Tinderet. North­
wards the Elgon volcanoes and the older Sukulu-Bukusu centres lie 
on approximately north-south Hues remote from the main rifts. 
Near the east coast the complexes of Jombo Mountain and Mrima Hill 
(Baker, 4) lie far beyond the rift, but close to a line of post-Triassic 
faulting.
In northern Tanganyika lava fields give place to isolated vol­
canoes : the Giant Crater Mountains stand at the junction of the 
Eyasi branch with the Gregory Rift, the faulted cone of Kerimasi 
is situated on the western scarp of the rift, while the volcanoes 
Essimingor, Meru, and Kilimanjaro lie at distances up to a hundred 
miles to the east. Southwards, the volcanoes of Kwaraa and 
Hanang (with associated carbonatites) are adjacent to the rift. 
The group of alkaline intrusions near Luhombero Hill in eastern 
Tanganyika, including the carbonatites of Wigu Hill and Maji ya 
Weta, although far from the rift, is close to a major N N E - S S W  
fault. In the south the volcanics of Run gwe are situated at the 
junction of the Eastern and Western Rifts. Here the older carbona- 
tite centre of Panda Hill (Mbeya) lies on the edge of the R u k w a  
trough, but the group in which it lies trends north-south, oblique 
to the course of the rift faults (45, 48, 49).
In the Western Rift the volcanoes of the Birunga field are 
arranged along east-west lines which are transverse to the rift and 
accord with no known fault trends. Besides the lava fields of 
south-west Uganda and the eastern Congo, plutonic alkaline rocks 
occur in the Ruchuru rift (11, 13) and the Lueshe Valley, north 
of Lake Kivu, and in the Haute Ruvubu in Urundi (11, 131).
In Nyasaland and Portuguese East Africa, only Lipuche lies 
along the main rift, the Chilwa Series farther south occurring in 
three groups aligned from north-south to N N E - S S W  whereas the 
trend of the rift faults is here N W - S E .  To the west in Northern 
Rhodesia the four carbonatites of the Luangwa Valley (Bailey, 2) 
are aligned N W - S E  in accord with the Rufunsa trough. It m a y
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be significant that alkaline centres are frequently located at the 
junction of two troughs (cf. Kavirondo, Eyasi, R u k w a  and Rufunsa).
Alkaline rocks are also found outside the region of the rift 
valleys. In Angola, a belt of volcanics with associated plutonic 
rocks and carbonatites has been described (de Sousa Machado, 77) 
and the suggestion made that their N E - S W  alignment is related 
tectonically to the Lucapa graben of similar trend and age which 
occurs to the north-east of the intervening Kalahari Sand. In 
South West Africa a N E - S W  trending line of complexes occurs 
from Cape Cross (77), while to the south are the complexes in the 
Auas Mountains (Gevers, 31) and Geitsi Gubib (Truter, 84, Ixxxi).
Most of the alkaline rocks of South Africa have long been known, 
especially from the writings of Shand (70, 71, 73), but it has only 
been appreciated recently that the enclosed masses formerly des­
cribed as sedimentary limestones are in fact carbonatites (of. Strauss 
and Truter, 79). These complexes, together with the more recently 
described centres of Goudini, Glenover and Kruidfontein (Truter, 
84, Ixxxii-lxxxiii) faU on an arc trending east-west and convex 
southwards, extending through the Transvaal from Loolekop in the 
east as far west as Semarulule, near Molepolele in Bechuanaland, 
but no connection with faulting is apparent.
The distribution of the carbonatite-bearing complexes has been 
discussed by Garson and Campbell Smith (30). Their m a p  (op. cit.. 
Fig. 13) shows the complexes to conform to one or other of two arcs, 
an eastern arc extending from Mrima in Kenya through Nyasaland 
to the Transvaal, and a western arc through Uganda, Tanganyika 
and the Rhodesias, with a possible extension into South West 
Africa. Together they delimit a zone, approximately parallel to 
the east coast and widening into south and south-west Africa. 
Garson and Campbell Smith suggest that the centres “ follow lines 
of early weakness in the history of the rift valleys of Africa ” (op. cit., 
112), but the arcs are no more than links between widely separated 
groups of centres whose trend is commonly different from that of 
the arcs themselves. In general, a north-south alignment of the 
groups contrasts with a N E - S W  trend of the arcs. Moreover, if 
all alkaline centres are added to the map, that is to say plutonic 
complexes without visible carbonatite, volcanic centres, and more 
recently described complexes, the arcs depicted by Garson and 
Campbell Smith lose muc h of their definition. Thus, the newly 
discovered (and as yet undescribed) carbonatites of the Tanganyika 
Western Rift, those of Goudini and Glenover in the Transvaal, the 
syenites of Pilansberg and Semarule, and the centres in Angola all 
depart more or less widely from the two arcs.
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James {48), in an account of the carbonatite centres of East 
Africa, maintains that carbonatite vulcanism shows a close associa­
tion with block-faulting, which, rather than true rifting, is character­
istic of m u c h  of Tanganyika, whereas the volcanoes of the Gregory 
Rift Valley of northern Tanganyika and Kenya and of the Rungwe 
area of southern Tanganyika are dominantly trachytic (see later, 
p. 307). James recognises the clustering of the complexes into 
groups and shows that two sets of arcs can be drawn on the m a p  
such that the groups occur at and around their oblique intersections. 
The significance of these arcs is admittedly obscure ; James com­
ments merely that ''the pattern of distribution m a y  be related to 
profound structures in the earth’s crust or to processes not yet 
understood ” (op. cit., 17).
Inferences based only on the geographical distribution of the 
alkaline rocks fail effectively to take into account the important 
fact that their emplacement was not confined to a single period of 
geological time (Fig. 1). It cannot be without significance, h o w ­
ever, that the faulting and rifting of eastern and southern Africa 
has occurred along similar lines intermittently over a consider­
able period of time, largely since the Karroo, but often following 
structural trends of greater antiquity, even dating back to the 
Pre-Cambrian (Dixey, 23).
3. G e o l o g ic a l  S e t t in g  a n d  A g e s  o f  t h e  A l k a l in e  R o c k s
The ages of the alkahne rocks have in m a n y  cases been deter­
mined from their relations with datable formations in their i m m e ­
diate environment, but recourse often has to be made to comparisons 
based on relative extent or level of erosion. The evidence shows 
that the rocks have a considerable range in geological time and can 
be conveniently classed into three broad age-groups: (a) post- 
Basement Complex, pre-Karroo; (b) post-Karroo, pre-Tertiary ; 
(c) Tertiary to Recent (see Fig. 1). The youngest are largely or 
wholly volcanic, whilst the older are usually entirely plutonic.
Formations of the Basement Complex, especially gneisses and 
older granites, constitute the commonest settmg for the alkahne 
complexes, although m a n y  cut recognised systems of the Pre- 
Cambrian : those in the Congo occur in Urundian semi-pelitic schists 
(de Bethmie and Meyer, 6), the syenite plugs of the " Franspoort 
Line ” cut rocks of the Transvaal System and the Bush veld (Shand, 
70), and the volcanics of the Auas Mountains, Windhoek, invade 
the Damara System (Gevers, 31). The H o m a  Mountain volcano 
pierces ancient rhyohtes of Nyanzian age (Pulfrey, 62).
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Some of these complexes can also be shown to be pre-Karroo, 
but even so the interval of time represented is a very wide one. 
The centres in the Transvaal, for example, are evidently later than 
the Waterberg System, for at Zeekoegat, west of the Sekukuni 
Mountains, a block of Waterberg conglomerate, 1J miles in length, 
is veined and enclosed by the syenite of a plug (Du Toit, 20, 221). 
Dolerite dykes, equated with the Stormberg volcanic episode of the 
Karroo, cut the alkaline complexes, showing that they are at least 
pre-Stormberg in age. Pilansberg, however, must also ante-date 
the D w y k a  tillite, in which fragments of the Pilansberg rocks have 
been found. The nepheline syenites of the Port Herald Hills of 
southern Nyasaland are likewise earlier than the Karroo, since, 
near the local base of the sediments, are contained pebbles of 
foyaites, identical with those in the Port Herald Hills (Dixey 
et al., 24, 6).
Other complexes can be shown, directly or indirectly, to be of 
post-Karroo age; a few actually cut Karroo sediments and lavas, 
a clear example being M u a m b e  Hill in Portuguese East Africa 
(Dixey et al., op. cit.). The M u a m b e  carbonatite is emplaced in 
Karroo sediments which form an indurated rim to the complex. 
Here an upper limit can also be assigned, for the vent and rim 
shows signs of two periods of peneplanation, and on the lower 
surface are sediments and lavas of the Lupata Series of Cretaceous 
age (op. cit., 9). These lavas overlie several small limestone vents 
to the south of M u a m b e  and, on this basis, all the centres of the 
Chilwa Series are assumed to be post-Karroo and pre-Cretaceous. 
In the absence of Karroo sediments, complexes in a similar state 
of erosion have been dated by analogy with those of the Chilwa 
Series (James, 46, and Davies, 18, 22).
The Mbeya carbonatite, which was considered by Pawley and 
James (26) to be of post-Karroo age, is n o w  claimed by Pick and Van 
der Heyde (27, 851 et seq.) to be older than the Karroo. Dating 
hinges on the age of sediments which truncate a carbonatite dyke, 
and are regarded by Pawley and James as wholly Cretaceous, but 
by the later authors as partly Karroo.
Ages become less conjectural in the case of the Tertiary to 
Recent group. Where contemporaneous volcanics remain it is 
possible to infer the age of the volcano from the age of the erosion 
surface on which it rests. The extent of erosion of the volcanics 
is also an approximate indication of relative age, although other 
factors, especially the original size of the cone, are important in 
this respect. These aspects are well illustrated by a consideration 
of the alkahne centres of eastern Uganda, which are represented
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by the younger Elgon volcanics and an older series of plutonic 
complexes. Davies [17, 49) has assigned a probable Pliocene age 
to the Elgon volcano, partly on the basis of the fossil plants of 
mid-Tertiary age (Chaney, 12) in the associated sediments, and 
partly on the assumption that the basal lacustrine sediments were 
deposited after the uplift and dissection of the Middle peneplain 
which, according to Dixey (22), took place in late Miocene times. 
Kent (53) has adduced faunal evidence to substantiate his view 
that this event occurred before the Lower Miocene, so that the age 
of Elgon m a y  be rather earlier than Pliocene. It appears to be 
later than Kadam, since Elgon agglomerates overlie those to the 
north unconformably (Davies, op. cit., 50).
Napak (King, 54) provides a magnificent illustration of the 
relationship between a central plutonic core and a superstructure 
of pyroclastics and alkaline lavas forming the cone of a central-type 
volcano, now in the process of dissection (see Plate I), Toror repre­
senting a more advanced stage in which the volcanics have been 
completely removed (Du Bois, 19). Elgon, K a d a m  and Moroto in 
the same group are less dissected volcanoes in which erosion has 
not proceeded to the stage of revealing the plutonic centres. Recent 
work by Bishop (^ , 9) enables him to assign a more precise age to 
the Napak volcano than that hitherto assumed from its position 
on the supposed Miocene peneplain. A  newly discovered Lower 
Miocene fauna of rodents and proboscideans, with Proconsul 
Nyanzae, in the sediments among the volcanics of Okathim (Akisim) 
indicates that the build-up of the volcano began during the early 
Miocene. The surface on which it rests must then be pre-Miocene, 
in agreement with Kent’s view (op. cit.). Some confusion arises 
here, however, in attempting to correlate the formation of Napak 
with that of Kadam. Trendall (83) describes two surfaces beneath 
the volcanics of Kadam, the Kyoga surface around 4000 ft., which 
he equates with the End-Tertiary surface, and hills above this up 
to 5000 ft., remnants of a Mid-Tertiary surface. Bishop at Napak, 
disputing the presence of a pre-volcanic dome (King, 54, 15), corre­
lates two sub-volcanic surfaces with those at Kadam, but points out 
that the lower one at 4000 ft. (here pre-Miocene) must be earlier 
than that at Kadam.
The age of Toror has generally been assumed to be the same as 
that of the four volcanoes of the Elgon Series, but positive evidence 
is lacking, owing to the complete removal of the volcanics. It is 
impossible to know on which surface the volcanics originally rested, 
but, from the extent of erosion alone and by comparison with 
Sukulu to the south, it is not unreasonable to suggest that Toror
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m a y  be older than the Elgon group and even equivalent to the older 
vents of eastern Uganda, some of which (Bukusu, Budeda and Seku­
lulu) are in part overlain by the Elgon volcanics and are therefore 
pre-Miocene (Davies, 18, 21).
In the eastern rift valley the intercalation of volcanics with 
datable sediments has made possible the revision by Kent (52) of 
Gregory’s early correlation of East African lavas. Kent recognises 
four ages of nephelinites : pre-Miocene, and Miocene in Kavirondo ; 
Pliocene to Lower Pleistocene at Essimingor; and Mid-Pleistocene 
at Lemagrut. The age-relationships of the East African volcanics 
are summarised in Table 1 (p. 308). Activity has continued sporadi­
cally in several of the volcanic areas up to the present day. In the 
Birunga field Ninagongo and Nyamlagira have erupted in recent 
years ; from the crater of the latter lava flowed into Lake Kivu in 
1939. The latest flows of the Rungwe area were poured out of the 
two parasitic vents of Kiejo and Sarabwe around 1800 (Harkin, 40). 
Several of the volcanoes of northern Tanganyika are active still, 
and in 1954 a conelet formed in the crater of Oldonyo Lengai 
(Guest, 36).
4. F o r m  a n d  N a t u r e  o f  t h e  V o l c a n ic s
The extensive volcanic fields of Kenya are predominantly built 
up of numerous lava flows, m a n y  thousands of feet in aggregate 
thickness and rising to altitudes of 13,000 ft. above sea level in the 
Aberdares. Their association with the Rift Valley has suggested 
an origin by fissure eruption (Gregory, 32), but it seems more likely 
that they represent coalescent flows from numerous volcanic centres, 
a mode of origin that is demonstrable for the Birunga field of south­
west Uganda and the Kivu area of the Congo (cf. Combe and 
Simmons, 15).
Volcanoes of central type occur not only within the lava fields, 
but also as isolated mountains. A m o n g  the most perfect cones are 
those of Birunga which rise to 14,000 ft. and have slopes averaging 
20 to 30 degrees. The great volcanoes of Kilimanjaro (20,000 ft.) 
and Kenya (18,000 ft.) also have comparatively steep profiles, but 
Elgon (15,000 ft.) is a broad gentle dome with average slopes of no 
more than 4 degrees. In the case of another volcano of the Elgon 
group, Napak, the original slope has been estimated at 10 degrees 
(King, 54, 16). The differences in form m a y  relate to the proportions 
of lava and pyroclastics which constitute the volcanoes. The 
volcanoes of the Elgon group, unlike those of Birunga, are pre­
dominantly pyroclastic ; for the dissected volcano of Napak King
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estimates that pyroclastics account for no less than 97 per cent, 
of the bulk.
The volcanoes of the Eastern Rift in Kenya and northern Tan­
ganyika are mostly characterised by calderas, often in great numbers 
and sometimes mutually intersecting. Longonot in the Kenya rift 
possesses an almost perfectly circular central depression over a mile 
in diameter, while the gigantic caldera of Ngorongoro in Tanganyilca 
is 12 miles across. Pyroclastics are often predominant in the 
volcanoes of this group and testify to their explosive character.
The Toro-Ankole field of western Uganda is distinctive, for it 
consists of very numerous explosion craters, rarely more than half 
a mile in diameter and often m u c h  smaller (Holmes and Harwood, 
43). The ejectamenta are not especially abundant and are formed 
almost entirely of tuffs and volcanic bombs; lavas are exceedingly 
rare, being represented only by the short flows from the Katunga 
crater in Ankole (Combe, 13).
Dissection of the older volcanoes has thrown light on their 
structure as well as on their relationship with the plutonic rocks 
{see later, p. 317). Thus Napak appears to have been largely built 
up by pyroclastic activity from the central vent, nephelinite lavas 
having been erupted from numerous parasitic vents ; m a n y  of these 
are n o w  isolated as lava-filled necks. Other minor centres consist 
of agglomerate, of which the cylindrical plug of Alekilek is the 
most prominent.
The composition of the volcanics is summarised in Table 1. 
Although the lavas are predominantly alkaline, normal basalts are 
the prevalent lavas of the south Kivu field (Holmes, 42 \ Cahen, 11, 
471) and also occur in Kenya and Tanganyika, especially among 
the earlier volcanic phases. Most striking, however, is the difference 
in composition between the volcanics of the Western and Eastern 
Rifts, those of the former being predominantly potash-rich and of 
the latter soda-fich. In the Western Rift the extreme of under­
saturation is reached in the kalsilite-bearing lavas of the Toro- 
Ankole field (Combe and Holmes, 14). In the Eastern Rift m a n y  
of the lavas are only mildly alkaline, such as the trachytes of the 
Crater Highlands of Tanganyika (Guest, 34, 4), or the basalts, 
basanites and phonolites of the Rungwe area in southern Tanganyika 
(Harkm, 37-41). The same types occur extensively in the Kenya 
Highlands, phonolites being especially widespread, as on the Uasin 
Gishu Plateau. Extreme undersaturation in the soda-rich lavas 
is represented by the felspar-free nephelinites and melilite-nephelin- 
ites, which although they occur in Kenya and Tanganyika are the 
prevailing lavas of the Elgon group of volcanoes in eastern Uganda.
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In m a n y  areas there is a tendency for the earlier lavas to be satur­
ated, and the later to be more siliceous as well as more alkaline. 
This is as true in Kenya, where basalts are followed by phonolites, 
and in the Kivu area, where potash-rich quartz porphyries and 
rhyolites succeed the basalt lavas (Cahen, 11, 475).
The unusual composition of the volcanic rocks is empha­
sised by the character of certain of the recent eruptions. In 
1917 and again in 1954 Oldonyo Lengai has emitted soda-rich 
vapours and sodium carbonate ash. Hot springs containing sodium 
salts are largely responsible for the soda deposits of Lakes Natron 
and Magadi in the same region. Equally remarkable was the 
extrusion of carbonatite from the crater of Kerimasi as recorded 
by James (48), a rock that had hitherto been encountered only as 
an intrusive, Carbonatite also cuts the flank of the nephelinite 
volcano at Hanang, Tanganyika (idem).
5. G e n e r a l  Co n s t it u t io n  a n d  S t r u c t u r e  o f  t h e  P l u t o n ic  
C o m p l e x e s
Most of the older complexes consist only of plutonic rocks, 
ranging widely in their degree of undersaturation from alkali syenites 
to nepheline syenites and urtites, and with increasing mafics through 
ijolites to melteigites and pyroxenites. Carbonatites m a y  be 
regarded as the extreme stage of undersaturation.
Whereas some comparatively large bodies, such as that con­
stituting the Mlanje Mountains of Nyasaland (Dixey et al., 24, 30), 
are formed wholly of syenite, the most characteristic occurrences 
have more complicated structures and consist of a greater diversity 
of rock types. Such complexes are relatively small, usually only 
a few miles across, the constituent rocks being typically arranged 
in a series of concentric rings. M a n y  of the alkaline complexes 
owed their discovery to the fact that the ring structures commonly 
have a topographic expression which can be detected on aerial 
photographs. One of the most remarkable was that described by 
Stringer et al. (80), a ring structure recognisable on aerial photographs 
which proved to correspond merely to a number of texturally 
different syenites.
Usually, however, the rings differ markedly in composition and 
comparative study of m a n y  examples has led to the notion of a 
typical complex in which the rock types pass successively inwards 
from syenites, through nepheline syenites, ijolites and pyroxenites, 
to a central core of carbonatite, that is, they become increasingly 
undersaturated or silica-poor until a virtually sihca-free rock is
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F ig. 2.— Geological map of the complex of Jombo, Kenya. 
(After B aker, 1953, Fig. 13.)
reached.* Von Eckermann’s diagrammatic representation of the 
Alno area of Sweden (25, Fig. 7, 28) is perhaps that regarded as the 
“ standard pattern ” of an alkahne complex, but it equally represents 
a composite picture of the African complexes. Nevertheless, it is 
to be remarked that no single complex conforms precisely to this 
pattern, for in actual examples the " complete sequence ” is rarely 
shown and the " standard pattern ” is modified in various ways.j"
* It  is to be noted that although these have often been described as ring 
complexes (cf. Dixey, 21) they differ in important respects from the classical 
ring complexes o f the west o f Scotland. The latter show independent 
intrusions, without any systematic compositional change inwards. In the 
alkaline complexes the rings m ay or m ay not be separate intrusions.
t The actual pattern of many complexes is difficult, if  not impossible, to  
determine owing to lack of exposure; some rocks m ay be so weathered as to  
be unrecognisable. At Bukusu, for example, unweathered specimens of the 
silicate rocks surrounding the carbonatite are obtained only from boreholes. 
At Mrima in Kenya, carbonatite is largely concealed under a weathered 
residuum up to 600 ft. in thickness.
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In several complexes melanocratic rocks are eccentrically placed 
or m a y  occur towards the margin, as at Ilomba, Nyasaland, where 
microsyenite is surrounded in turn by incomplete rings of foyaite, 
pyroxenite and perthosite (Bloomfield, 10), or Jombo which shows 
peripheral fine-grained foyaites, malignités and melteigites, passing 
into pyroxenite, while nephehne-syenite occurs in the centre (Baker, 
4). Again, although the typical silicate rocks are undersaturated 
and felspathoidal, they are not everywhere of this nature ; Loolekop, 
Transvaal, for example, has outer zones of pyroxenite, shonkinite 
and syenite around a central carbonatite (Russell et al., 66).
Relative level of erosion appears to be a factor responsible for 
differences in pattern. At Semarule, in Bechuanaland, for example, 
the only rocks exposed are alkali syenites, but, since they resemble 
the fenites of other complexes, it is likely that undersaturated 
rocks, including carbonatites, exist in depth (King, 55). At Budeda, 
in the foothills of Elgon, is a complex of ijohtes surrounded in turn 
by nepheline syenite, syenites and fenitised gneisses; an innermost 
zone consists of melteigite with abundant calcite, but carbonatite 
is not found, presumably because it has not been reached by 
erosion.* Messum, in South-West Africa (Korn and Martin, 56), 
Jombo in eastern Kenya and Ilomba in Nyasaland are all complexes 
devoid of carbonatite.j" At Napak, however, the central vent 
conforms to the " standard pattern ” with a carbonatite core, 
surrounded by ijolites and recently discoveredf foyaite and fenitised 
gneisses (Plate I).
It is clear, however, that the concept of inner members being 
successively exposed with increasing depth of erosion implies that 
in some instances the outer zones extend above as well as around 
the inner ones. This is less likely to be true for complexes which 
represent substructures of volcanoes, although it must be recognised 
that the plutonic rocks represent essentially the final, " frozen ” 
stage in the development of a volcanic substructure. Indeed, the 
invasion of one rock type by another, obliterating or partly oblitera­
ting a pre-existing " shell,” is demonstrable in m a n y  complexes and 
is'a major factor responsible for departure from the regular ring 
pattern. Very frequently it is the carbonatite which invades across 
the silicate zones ; at Tororo, Uganda, the invasion extends out to 
the syenite, where it produces an intrusion breccia, while small 
arcuate patches of nepheline syenite, ijolite and melteigite in the
* Sutherland (unpublished data).
t Carbonatite occurs, however, in satellite bodies in proximity to Jombo 
and Ilomba.
X Sutherland and King (unpublished data).
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carbonatite are the sole remnants of former rings.* Where the 
carbonatite reaches the outermost syenites (fenites) or Basement, 
these are often brecciated and carbonated and m a y  form agglomerate 
by explosion. M a n y  of the vents of the Chilwa Series consist of 
carbonatite surrounded, not by rings of alkaline rocks, but by 
breccia and agglomerate (Dixey et ah, 24). The agglomerate often
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F i g . 4.— Geological map of the com plex o f Chilwa Island, Nyasaland.
{After G arson and Campbeli-Smith 1958.
consists of felspar rock, which m a y  represent a former syenitic zone 
as at Tundulu {ibid., 12) and Kangankunde (ibid.. Fig. 8).
In yet other cases carbonatites invade pyroclastics of volcanic 
type (lapilli tuffs, etc.) forming a central vent within distinctly 
earlier alkahne rocks, as at Rangwa, Kenya (McCall, 57). The 
carbonatite of Toror, Uganda, similarly surrounds a central agglom­
erate. These examples are in some respects transitional to instances 
* Sutherland (unpublished data).
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in which carbonatite invades the actual superstructure of the 
volcano itself (cf. Kerimasi and Hanang, James, 48). A  final phase 
of tuff or breccia formation is c o m m o n  to m a n y  of the complexes, 
these latest breccias riddling through and being constituted by any 
of the earlier formations.
Irregularity of pattern m a y  also be due either to successive 
members of a complex not being confocal, or to the occurrence of 
several foci within a single complex. At Jombo, for example, the 
centres of the successive rings are not coincident, whilst at Panda 
Hill the carbonatite is emplaced eccentrically with respect to the 
earlier agglomerate vent (Pick and Van der Heyde, 27, Fig. 4, 855). 
In the Ruri group of centres of western Kenya there is the possibility 
that the four explosion vents, filled with lapilli tuff and agglomerate, 
pierce a single larger alkaline complex (McCall, 57).
For several reasons, therefore, the relative proportions of the 
typical zones vary widely in different complexes; the carbonatites 
in particular range from subordinate central plugs to the predomin­
ant members of the complex. The latter condition is illustrated 
at Sukulu, in Uganda, where carbonatites form a prominent group 
of hills, 2J miles across, while the surrounding silicate rocks occupy 
a narrow zone that was only detected from pits and boreholes 
(Davies, 18, 31). There are, moreover, a number of centres in 
which carbonatite alone is found, without plutonic alkaline rocks, 
as Toror, Uganda, H o m a  in Kenya, Panda Hill in southern Tan­
ganyika, N k o m b w a  in the Morogoro District of Tanganyika, and 
m a n y  of the Chilwa vents of Nyasaland.
In most cases the evidence suggests that the junctions between 
members of the complexes are approximately vertical; this m a y  
often be inferred from the relief, particularly in the case of the 
carbonatites, which sometimes rise hundreds of feet above the 
surrounding sihcate rocks (cf. Tororo and Sekulu, Uganda ; Rangwa, 
Kenya ; Songwe, Nyasaland). There are, however, interesting 
exceptions: the observation of a horizontal contact has led to the 
conclusion that the carbonatite at M u a m b e  Hill, Mozambique, origin­
ally interpreted as a central plug (Dixey et al., 24), is in fact a roof 
overlying a central agglomerate (Bettencourt Dias, 7, PI. II, 68). 
Conversely, at Panda Hill in Tanganyika mineral exploration has 
shown that the carbonatite is partly roofed by fenitised Basement 
and earlier agglomerate (Fick and Van Der Heyde, 25). Again, field 
evidence shows clearly that a very large mass of carbonatite, 6 miles 
long by three-quarters of a mile wide, at Kaluwe in the Rufunsa 
Valley, Northern Rhodesia, has a sheet-like form, concordantly 
emplaced within Karroo sediments (Bailey and Fowler, 3, map).
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The Kaluwe sheet is the most northerly of four carbonatites, the 
other three having associated breccia and the usual pipe-like habit. 
Shand depicts the intrusion of Leeuwkraal in the Franspoort Line 
as a sheet (70, Fig. 5, 9).
Individual members of complexes have often been described as 
ring-dykes, which is clearly appropriate where their contacts are 
steep and they represent independent intrusions. Frequently, too, 
cone-sheets are recorded, generally formed by carbonatites or 
pyroclastics. Thus the central vent of Rangwa consists of a steeply 
outward-dipping cone of pyroclasts invaded by small plugs, cone- 
sheets and dykes of carbonatite, while in the Ruri vents pyroclasts 
form an outer zone of cone-sheets with screens of the updomed 
Pre-Cambrian surrounding an inner area of arcuate ring-dykes with 
steep outward dips, the invading carbonatites also forming vertical 
rings (McCall, 57).
At Spitskop, Strauss and Truter (79) record the occurrence of 
ring-dykes of foyaite enclosing slabs of ijolite and xenoliths of 
quartzite ; there are also cone-sheets of foyaite, tinguaite and 
phonolite with inward dips steepening from 15° peripherally to 70° 
towards the centre. At Shawa in Southern Rhodesia, Johnson (51) 
describes the occurrence of dolomitic carbonatite as a ring-dyke 
intrusive into the central dunite plug. Ring structures are also to 
be found in complexes of wholly syenitic composition, for example 
in the Chambe Plateau of the Mlanje Mountains in Nyasaland 
(Stringer et al., 80), and at Pilansberg in the Transvaal (Shand, 71). 
In general the ring-dykes are large bodies, having widths up to 
several hundreds of yards, whereas cone-sheets m a y  be only a few 
feet wide and are often demonstrably later than the ring-dykes. 
Radial dykes, where present, are commonly later than both ring- 
dykes and cone-sheets.
In m a n y  mstances the form of members of the complexes is 
suggested by internal structures, which are interpreted as resulting 
from flow. These are especially c o m m o n  in the carbonatites 
wherein a banding is shown by schlieren of xenolithic material, 
streaks and layers of magnetite and biotite, and parallelism of 
pyroxenes and orthoclase. Garson (28, 314, Fig. 2) describes the 
structures of the carbonatites of the Chilwa Series, where the 
banding dips outwards from the centre at more than 50°, becoming 
steeper and overturning towards the margin. Similarly, at Tororo, 
the vertical banding of the core becomes an inward dip of 73° at 
the margin. The banding here is associated with what Williams 
(85) refers to as a “ collar structure,” consisting essentially of a series 
of ring intrusions surrounding the central core. Banding in the
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carbonatite of Panda Hill (Pawley and James, 26) is vertical in the 
central plug and dips inwards at 85° in the outer zone. Similar 
concentric banding is recorded at Loolekop (Russell et al., 67, 200), 
Chasweta in Northern Rhodesia (Bailey, 2, 38), Shawa (Mennell, 
60) and Chishanya (Swift, 81) in Southern Rhodesia, and in the 
carbonatite of the Kerimasi volcano, where magnetite bands run 
parallel with the walls of the crater (James, 48). In the silicate 
rocks consistent flow structures are rarely found unless felspars are
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present; foyaites in particular show flow structures and are often 
banded. At Jombo, in Kenya, banding in the marginal hornblende 
malignités dips towards the centre at 65°-70° (Baker, 4). This 
marginal dip towards the centre is illustrated in the diagrammatic 
section through the Rangwa Complex (McCall, 58) reproduced in 
Pig. 5 b , and is seen to conform with the pattern of carbonatite 
cone sheets.
Where the various members of the complexes are defined by 
intrusive contacts the order of emplacement has generally been 
from the outside inwards, so that the carbonatite core, if present,
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is the final intrusion (cf. Napak, King, 54). Such a sequence is 
clearly seen at Jombo, terminating in the central nepheline-syenite 
(Fig. 2). The R an gwa Complex (Fig. 5 a ) was formed during two 
separate phases of intrusion, an early (pre-Lower Miocene) stage 
producing outer partial rings of ijolite and uncompahgrite, followed 
by erosion before the explosion of the central vent of the Kisingiri 
volcano and the intrusion of carbonatite (McCall, 57, 58).
Relations with vulcanism are sometimes shown directly by the 
preservation of remnants of the volcanic cone. At N apak (King, 
54, 12) the carbonatite and ijohtes quite clearly lie at the site of the 
central vent of the dissected strato-volcano (see Plate I). The 
general pattern of successive stages of erosion has been very effect­
ively illustrated by James (48, 15 and Fig. 2): Kerimasi (Plio- 
Pleistocene) is a virtually uneroded volcano with an extrusive 
carbonatite; Napak (Miocene) is strongly dissected ; Panda Hill 
(? Jurassic) shows residual volcanics only; and Ngualla (? Jurassic) 
consists only of plutonic rocks. The occurrence of vent agglomer­
ates and breccias in the complexes is c o m m o n  (of. Cliilwa Island, 
Panda Hill) even where the superficial volcanics have been entirely 
removed by erosion.
M a n y  of the complexes also show structural features which 
reflect volcanic phenomena. King (54, 15) has put forward evidence 
for the doming of the sub-volcanic surface of Napak, and McCall 
(57) shows that the centres in the Kavirondo area of Kenya are 
accompanied by doming of as muc h as 2000 ft. ; the same phenom­
enon is recorded at other centres, for example west of Luhombero 
in Tanganyika, where it is inferred from the quaquaversal dips of 
the Karroo sediments (Spence, 78).
There is also a significant connection between the ring structures 
characteristic of the plutonic complexes and the presence of calderas 
so typical of the volcanoes ; this connection is illustrated especially 
well by the Messum complex in South West Africa (Korn and 
Martin, 56). Here the sequence began with the building of a 
strato-volcano, largely basalts alternating with acid tuffs, followed 
by the emplacement of a gabbro laccolith, marginally interleaving 
with the basalts. Cauldron subsidence of the major part of the 
volcano resulted in inward dips of the peripheral basalts, and was 
accompanied by emplacement of granitic rocks along the ring 
fracture. Subsequently, subsidence of the central core was followed 
by the intrusion of micro-syenites and tinguaites and a central 
stock of foyaite (Fig. 5 a ).
(To be concluded)
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A l k a l in e  R o c k s  o f  E a s t e r n  a n d  S o u t h e r n  A f r ic a  
P a r t  II. P e t r o l o g y
I n t r o d u c t io n
A l t h o u g h  characteristically alkaline, both the volcanic fields and 
the plutonic complexes include rocks in which the alkaline tendency 
is slight or even absent. Thus the olivine basalts of Kenya {44) 
and South Kivu {24) are of “ normal ” type, whilst several of the 
large syenite masses of Nyasaland differ little from the syenites of 
non-alkaline assemblages.
Certain c o m m o n  associations m a y  be recognised:
A<
Series^)"^* basanite—L. tephrite—L. phonolite— Potash-trachyte
M ELTEIGITE— IJO LITE— U R T IT E  (F ’oids 
/  only)
Ankaratrite—Nephelinite
ALKALI
P E R IO D IT E —M ALIGNITE—N E P H . SY E N IT E  (Felspar 
and Phonolite and
P Y R O X E N IT E
Soda 
Series
Soda
^Series
\
F ’oids)
(Felspar
I
r SH O N K IN IT E — SY E N IT E
Potash I Trachyte only)
iSeries | Ugandite (leuc.)—Leuoitite (F ’oids [
LMafutite (kals) only) J
(Plutonic rocks are shown in capitals)
Potash
Series
A m o n g  the volcanics two main groups are represented, the one 
characteristically plagioclase-bearing and including olivine basalt, 
the other strongly alkaline and typically felspar-free. The wide­
spread plateau lavas of Kenya and Tanganyika are chiefly basalts 
and phonolites, and trachytes are more commonly associated with 
the central volcanoes. Nephelinites are m u c h  more restricted in 
distribution, being limited to the volcanoes of Eastern Uganda and 
the Kavirondo Gulf, and certain volcanoes in the area of the Eastern 
Rift.
Although the volcanic rocks m a y  conveniently be arranged in 
associations which range from basic to acid or melanocratic to 
leucocratic, there is a marked hiatus in both series, very few repre­
sentatives occurring between phonolites and basalts or between 
phonohtes and nephelinites {see Fig. 1).
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The alkaline plutonic rocks can be regarded as conforming to 
three series, the felspar-bearing, felspar and felspathoid, and felspar- 
free, but it is important to observe that certain members of these 
series have no volcanic equivalents. The potash-rich volcanics of 
both felspar-bearing and felspar-free types occur together in the 
vicinity of the Western Rift, but the equivalent plutonic rocks are 
only represented by occasional ejected blocks.
Although the sodic and potassic suites m a y  be distinguished both
Sr
Gm70 
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j / J
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/
 .
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90- to
HO
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• Mf
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140 - — 40
-SO
F I E L D
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F ig . 1.— V o n  W o lff  d iagram  il lu s tr a tin g  th e  ch em ica l re la tio n sh ip s  a m on g  th e  
m em b ers o f  th e  ca rb o n a tite -b ea r in g  c o m p lex es  a n d  th e  sod a -rich  v o lca n ics .
Abbreviations are as follows: G r-granite; G n-gneiss; F -fe n ite ;  P -p u la sk ite; F y -fo y a ite ;  
NS -  nepheline syenite ; Mg -  malignité ; Mt -  melteigite ; Ij -  ijolite ; Ut -  nrtite ; U -  nncompahgrite ; 
Aik P -  alkaline peridotite; C -  comendite; T r-trachyte; Ph -  phonolite ; K -k e n y te ;  T -ten lir ite;  
B -  basanite; MB -  melabasanite; Ne -  nephelinite; M Ne -  melanephelinite; Ml Ne -  mclilite nephwinite; 
Ank -  ankaratrite.
An apostrophe after the abbreviation indicates that the plot has been derived from average compositions 
given by Daly (1933) or Nockolds (1954). Other plots are from analyses of rocks from, Chilwa, Elgon, 
Alno, Napak and Rangwa; they have been selected to show typical variations in composition.
chemically and according to their geographical distribution, the 
soda-potash ratio in m a n y  rocks is around unity. This is particu­
larly true of the phonolites and trachytes. Moreover, soda-rich 
lavas are represented in the Western Rift, while potash-rich lavas 
are occasionally found among the volcanics of the Eastern Rift (9). 
In the plutonic rocks a strongly sodic character appears only in the 
ijolite suite ; m a n y  of the nepheline syenites have little more soda
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than potash, while the syenites and fenites are often strongly potassic 
(Fig. 2).
Mineralogically, the alkaline character of the rocks is marked 
especially by the presence of alkali felspar and felspathoids. Perthite 
or independent microline and albite are usual in the plutonic rocks 
and a homogeneous potash-soda felspar, anorthoclase or sanidine, is
Ap4V
Quf \  MgO, CaO
/o,
Po (as s ic 
 ^ La vas ,20
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F ig . 2 .— T h e d is tr ib u tio n  o f  so d a  a n d  p o ta sh  in  th e  a lk a lin e  rock s.
Abbreviations as follows: Sodic lavas: B -b a sa n ite; N -  nephelinite; MN -  melanephelinite
O B -o liv in e  basalt; TA -  trachyandesite. Potassic lavas: K -k a tu n g ite ; LB -  Leucite basalt; M f- 
mafurite; O U -o liv in e  ugandite; SA - shoshonitic absarokite. Phonolite-trachyte field: B P -E lg o n  
phonolite; ET -  Elgon trachyte; P -  phonolite ; T -  trachyte. Platonics: AP -  alkali-peridotite; B U -  
biotite nncompahgrite; E y -fo y a ite ;  Ij -  ijolite; M -  melteigite ; Ma -  malignité; N S -neph elin e syenite; 
U -  nrtite. Fenites : F -  fenite; A -  Alno series: S -  Semarnle fenites; Fc -  Chilwa fenite; FB -  felspathic 
breccia.
An apostrophe indicates that the plot is an average composition from Daly (1933) or Nockolds( 1954). 
The other rocks include occurrences from Africa and Alno.
recorded in the volcanics. Nepheline is the most c o m m o n  fels­
pathoid, sometimes containing as muc h as 25 per cent, of the kalio- 
phohte molecule, but leucite and, in extremely undersaturated lavas, 
kalsilite, occur in the potash-rich volcanics.
Of the dark minerals pyroxene, varying from diopside to aegirme 
(although occasionally a c o m m o n  or titan-augite), is quite the most 
abundant and is widely distributed. C o m m o n  hornblende of a brown
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variety occurs abundantly in certain ultrabasic plutonic rocks, but 
the usual amphiboles are soda-bearing. Whereas in the alkali 
basalts the amphibole is barkevikite, in the trachytes and soda- 
rhyolites it is generally riebeckite, but frequently reported from the 
fenites is a weakly biréfringent amphibole pleochroic from blue- 
green to lavender. This mineral has been shown in some instances 
to be eckermannite,* but from other descriptions it is apparent that 
variation occurs towards actinolite. Olivine in the plutonic rocks 
is confined to the ultra-basic types, but is very c o m m o n  in the 
volcanics, where it ranges in composition from forsterite in the
U R T I T E
J G L I T E
N e p h e l i n i t e
ME L T E I G I T E  
Mel anephei i ni t ^  
k A n k a r a t r i l e  g
/ nepheline
// DUNI TE
L E U C O C R A T I C
T r a c h y b a s a l t  
M u g e a r i t e  
M O N Z O N I  T E
F i g . 3 .— C lassifica tion  o f  c h ie f  rock  ty p es .
nephelinites to fayalite in the phonolites and trachytes. Melilite, 
similarly, occurs only rarely in a plutonic environment, as in un- 
compahgrite, but is a c o m m o n  mineral in the very undersaturated 
lavas of both sodic and potassic suites. Melanite, on the other hand, 
although it is most c o m m o n  in the ijolites where it occurs sporadically 
and often in great abundance, is rare in the volcanics. Other lime- 
bearing minerals include apatite (a ubiquitous accessory), wollas- 
tonite, which occurs locally in patches in ijolites, sphene and, in 
more undersaturated rocks, perovskite.
* Gj. Norra Karr {!) and Semarnle (King, unpublished data).
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1. T h e  V o l c a n ic  R o c k s  a re  c o n v e n ie n t ly  d e sc r ib e d  a c c o r d in g  
to  th e ir  g e o g r a p h ic a l d is tr ib u tio n , b u t  th is  t r e a tm e n t  a lso  co n fo r m s  
in  so m e  m e a su r e  to  a  p é tr o g r a p h ie  g r o u p in g .
{a) In Kenya and North-Eastern Tanganyika th e  e x t e n s iv e  
p la te a u  la v a s  a n d  a s s o c ia te d  c e n tr a l v o lc a n o e s , w h ic h  o c c u r  w ith in
7/0^
i
/I
T A N G A N Y I K A
Fig. 4.— Lava Fields of E ast Africa.
Index to localities: Ab-Aberdare Range ; B -B iru n g a ; CH -  Crater Highlands; D -  Debasien 
^ ad am ) ; E -  Elgon ; H -  Hanang ; Ho -  Homa ; K -  Kenya ; K i -  Kisingiri ; K1 -  Kilimanjaro ; Kw -  
Kwîiraa; LK -  Lake Kivu; L ll -  Lake Rudolf; M -  Menengai; Ma -  Machakos; Me -  Meru; Mo -  Moroto; 
N -N a iro b i; N a -N a p a k ; R -R u n g w e; T -T ind eret; T-A -  Toro-Ankole; U -  Uasin Gishu Plateau.
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and on either side of the Rift Valley, are in general only mildly 
alkaline and sodic in character. Most extensive are basalts, some­
times with no apparent alkaline afhnities, and phonolites, but 
trachytes and soda rhyolites, represented as tuffs as well as lavas, 
are locally abundant especially in the rift valley itself. A  consider­
able proportion of the area occupied by volcanics in Kenya has n o w  
been described in connection with systematic sheet mapping, 
following on earlier pétrographie accounts based on reconnaissance 
surveys (38, 36, 50).
In the area south of Lake Rudolf (12), the Andrew and Teleki 
volcanoes consist largely of porphyritic basanitoids, with a fels- 
pathoidal glassy groundmass, but no visible nepheline, but basanites 
containing interstitial nepheline are also reported. Associated with 
these are phonolitic trachytes and phonolites with phenocrysts of 
anorthoclase, nepheline, sodahte and aegirine-augite in a groundmass 
containing potash felspar.
Southwards phonolites form the Uasin Gishu Plateau (46, 21)', 
typically they show phenocrysts of anorthoclase (larger) and 
nephehne (smaller) in a matrix of felspar and nejDheline, with 
aegirine-augite, cossyrite, kataphorite and magnetite, and analcite 
interstitially. Phonolites also dominate the western part of the 
M a n  Forest area and extend westwards to Kisumu and south-west­
wards to Sotik (42), but the intervening area of Songhor shows 
phonolites underlain by several thousands of feet of nephelinite 
agglomerate and lavas of nephelinite, tephrite, melilite basalt 
and olivine basalt. At the base are Miocene sediments and the 
assemblage appears to have been erupted from a volcanic centre in 
the neighbourhood of Tinderet (46, 367).
In the rift valley east of the Uasin Gishu Plateau trachytes are 
predominant, while trachytic tuffs prevail on the eastern slopes of 
the M a u  plateau. Phonolitic trachytes and some basalt lavas are 
recorded by McCall (34) from around Nakuru, the Menengai volcano, 
typical of m a n y  such centres in the rift, consisting of porphyritic 
succeeded by glassy trachyte.
In the Eastern Highlands, to the north of the Aberdares, the 
plateau lavas (Miocene) are of phonolites which succeed basalts. 
The basalts are sometimes of the normal ohvine-bearing variety, but 
often an allialine tendency is shown by the presence of minor biotite 
or orthoclase, or by zeolites. Later basalts of Lower Pleistocene age 
also show alkaline affinities. In the Aberdares Shackleton (44) has 
described a complicated sequence, with considerable local variations, 
commencing with olivine basalts of “ Kijabe type,” which are widely 
distributed in Kenya and have interstitial zeolites, analcite and
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orthoclase. Petrographically there is a continuous series from olivine 
basalt to phonolite and trachyte, any member of which m a y  occur at 
any stage in the sequence. The basic members include normal 
olivine basalt, as well as basalt of Kijabe type, analcite basanite and 
olivine trachybasalt, all of which have clear alkaline affinities. 
Mugearites continue the sequence towards trachytes. Both 
trachytes and phonolites often contain fayalitic olivine, while 
anorthoclase takes the place of the oligoclase and subordinate 
orthoclase of the mugearites. Around Nairobi an equally complete 
and varied sequence is found, ranging in age from Miocene to Lower 
Pleistocene (49). The rocks are all distinctly sodic; the variation is 
from alkali basalt to soda rhyolite, but the intermediate members, 
phonolite and trachyte, predominate. The basic members range 
through basanites and tephrites to nephelinites. Farther south in 
the Machakos belt the sequence consists simply of Miocene phono­
lites overlain by Pleistocene basalts (17, 5).
Mt. Kenya, a large central type volcano, shows a sequence of 
Miocene to Pleistocene of basalts, kenyites (olivine-bearing nepheline 
(phonolite) and phonolites, often as pyroclastics, terminated by 
further basalts, the later members of which are associated with 
a series of minor vents (44, 43, 32). The Mt. Kenya succession 
is partly involved in a more widespread regional sequence and 
is clearly later than the plateau phonolites.
In the Magadi area (d), towards the Tanganyika border, an 
extensive series of plateau trachytes and succeeding ashes of Lower 
Pleistocene age follow Pliocene olivine basalts. Earlier in the 
sequence is a series related to a central volcano (Olorgesailie) in 
which nephelinite follows trachytes and augite basalts and pyro­
clastics.
The Tanganyika Rift conforms to this general pattern of wide­
spread plateau basalts and phonolites, together with central vol­
canoes, on the one hand of trachyte and trachytic ash, on the other 
of ne%)helinite and related pyroclastics (26). The great volcanoes of 
Meru and Kilimanjaro farther east, however, have more complex 
sequences. Nephelinites occur m  both volcanoes, building late cones 
in the craters of largely phonolitic structures (22). Wilcockson (54) 
describes rhomb porphyries and phonolites in the lava succession of 
the Kibo centre of Kilimanjaro, the percentage of nepheline pheno­
crysts increasing in the later flows. The other two centres of Shira 
and Mawenzi are characterised by successions of trachybasalts, 
together with ultrabasic lavas in the Shira sequence.
(h) The Rungiue area of Southern Tanganyika is a Pliocene to 
Recent volcanic fleld petrographically analogous to the m u c h  larger
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fields to tlie north. A  representative collection was made the sub­
ject of a detailed study by Lehmann in 1924 (31), but the area has 
now been more fully investigated by Harkin (23). The rock types 
range from ultrabasic lavas, such as picrite basalts, ankaratrites and 
“ atlantites,’* to trachytes. The main field is only moderately 
alkaline, the basic members being typically basanitoids, basanites 
and tephrites, the volcano of Rungwe showing extensive phonolitic 
trachytes, trachytic tuffs and pumice, but in the northern part 
of the area the Porotos volcanics include strongly undersaturated 
nephelinites.
(c) The Miocene and Pliocene volcanoes of Eastern Uganda and 
the Kavirondo area of Kenya are typically of undersaturated, basic 
lavas and pyroclastics, consisting mainly of nephelinites and mela- 
nephelinites. Pyroclastics strongly predominate, but are composed 
largely of fragments of this composition. Depending on their 
relative abundance in the rock as a whole, nephehne or pyroxene, 
ranging from diopside to aegirine-augite, form phenocrysts. Other 
varieties are characterised by the presence of olivme and/or melilite. 
Perovskite is a c o m m o n  accessory and a blue-green sodic amphibole 
is recorded in some lavas (29, 24). Amygdales are abundant, 
being infilled by zeolites, most frequently natrolite, and calcite. 
Phonolites and trachytes are described by Davies (14, 22-30) as 
forming flows in the early part of the Elgon sequence, while
andésite,” chemically a mugearite, occurs as a basal lava at 
Napak (29, 25).
(d) The Pleistocene to Recent lavas of the Birunga field of South- 
Western Uganda and the adjacent parts of the Congo (11, 471 et seq.) 
are characteristically potassic, with leucite taking the place of, or 
occurring in addition to nepheline. Holmes and Harwood (25) 
recognise six series of lavas, converging towards the composition of 
a biotite-bearing pyroxene peridotite, the series differing according 
to their containing felspathoids only, felspathoids plus felspars, 
or felspars only. The main felspathoidal series includes olivine 
ugandite as its most melanocratic member, a rock consisting of 
microphenocrysts of olivine and augite in a matrix of augite and 
ores, with interstitial plagioclase and leucite. With more leucite the 
ugaudites pass into olivine leucitites and leucitites, while with in­
crease in plagioclase they become leucite basanites, in which potash 
is scarcely higher than soda. Indeed, to the north of Lake Kivu 
there occur nepheline melilitites, etc. in which the soda-potash ratio 
is reversed, while sodic limburgites and trachybasalts also occur in 
some localities.
A n  essentially felspathic series is the potash trachybasalt group.
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similar to the rocks of Yellowstone Park, of which shoshonitic 
absarokite is typical; augite, olivine and sanidine form phenocrysts, 
with plagioclase laths (An^ o), augite and ores in the groundmass.
Extreme undersaturation is shown by the kalsilite-bearing lavas 
and pyroclastics of the Toro-Ankole area of western Uganda (13). 
In mafurite, for example, the potash content is higher and silica 
lower than in ugandite, since kalsilite appears in place of leucite. 
Microphenocrysts of olivine and augite occur in a groundmass of 
green augite, perovskite, iron ore and colourless interstitial kalsilite. 
Katungite, containing melilite, is even poorer in silica. B y  contrast 
the South Kivu area includes “ normal ” basalts without alkaline 
affinities (11).
The nature of the plutonic rocks which are related to the lavas is 
shown by erupted blocks of plutonic types found in the pyroclastics. 
In the moderately alkaline fields of Tanganyika and Kenya the 
blocks usually consist of rocks such as alkali gabbros, peridotites, 
nepheline syenites and syenites, whereas in the case of the nephelinite 
volcanoes members of the ijolite series are typically found. In 
Birunga, ultrabasic rocks, especially dunite, augite peridotite, and 
biotite and olivine pyroxenite are usual, together with the inter­
mediate shonkinites and monzonites. In the Ninagongo volcano 
blocks of the interesting rock “ leucite-ijolite ” occur ; the essential 
minerals are leucite, nepheline, melilite, titan-augite and aegirine.
2. H y p a b y s s a l  R o c k s . Minor intrusions associated with the 
complexes include plugs, dykes and sheets which in both texture and 
composition resemble the volcanics and have been described as 
nephelinites, phonolites and trachytes. Often, however, the texture 
of the phonohtes becomes tinguaitic as, for example, at Toror (18) 
(see Part I, Fig. 1, 300); euhedral phenocrysts of nephehne or 
felspar or both, occur with microphenocrysts of aegirine-diopside 
zoned to darker green rims, in a groundmass containing needles of 
near-aegirine, sphene, perovskite, apatite and ore.
M a n y  of the minor intrusions, however, consist of ijolites, 
nephehne syenites and syenites of plutonic aspect, but typicaUy 
hypabyssal rocks include the ijolite-porphyries, microfoyaites and 
micro-syenites (cf. Chilwa Island 20). All of these are largely con­
fined to the plutonic complexes and their immediate environment, 
and do not intrude the volcanic superstructures. W i t h m  this cate­
gory are included the dykes and cone-sheets of carbonatite.
Some dykes are lamprophyric in character including the mon- 
chiquites and camptonites of the Jombo area (4), Chilwa and Napak
(29). The alnoite at Cliilwa has affinities both with these and with 
the kimberlites; the rock is crowded with xenohths and xenocrysts
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in  a  tu r b id  c a r b o n a te d  m a t r ix  c o n ta in in g  c a r b o n a te  p s e u d o m o r p h s  o f  
m e li l i t e  w i t h  c o lo u r le s s  m ic a  a n d  m a g n e t it e  (20, 7 7 ).
3. T h e  P l u t o n ic  R o c k s  w il l  b e  d is c u s s e d  a c c o r d in g  t o  a  n a tu r a l  
p e tr o lo g ic a l  g r o u p m g  w h ic h  b r o a d ly  a g r e e s  w i t h  th e ir  d is t r ib u t io n  in  
t h e  p lu to n ic  c e n tr e s .
Carhonatites : The mineralogy of the carbonatites has been fre­
quently described in recent years, and summaries given by Pecora 
(37), Campbell Smith (51) and Agard (2).
Most of the carbonatites are calcitic, although dolomitic and 
ankeritic carbonate rocks are not uncommon. At Chilwa, for 
example, a central core of manganese- and iron-rich carbonatites is 
surrounded in turn by rings of ankeritic carbonatite and sovite 
(calcite) (see Part I, Fig. 4, 3 1 3 ). In addition to the carbonates 
the most c o m m o n  minerals are apatite, magnetite and biotite; 
pyroxene and amphibole are abundant locally. Of these, apatite 
is nearly always present, in varying amounts, but magnetite is 
sporadic and generally forms euhedral octahedra which occur in 
strings showing a parallelism suggestive of flow structures (cf. 
Chilwa, 20, Text fig. 5, 3 5 ; Tororo and Toror). Biotite is often of 
the red plilogopite variety (cf. Rangwa, 35, 4 2 ), but a bright green 
mica is found at Sukulu (55). Pyroxene occurs in the carbonatite 
of Limeldln Hill, Tororo, and m a y  well derive from the incorporation 
of xenohths of the invaded silicate rocks ; it is a strongly pleochroic 
green to yellow aegirme-diopside.
Where carbonatites are flanked by ultrabasic rocks there occur 
concentrations of the accessory minerals of the carbonatites (apatite, 
magnetite and mica), and pyroxene of the ultrabasic rocks (cf. 
Bukusu, 15', Palabora, 41', Shawa, 28).
The carbonatites also contain unusual minerals representing a 
concentration of rarer elements, of which pyrochlore is the most 
c o m m o n  (37, 1 5 4 4 ). This mineral has been recorded at m a n y  
centres, including Toror (18), Napak (29), Sukulu (55), Oldonyo Dili, 
W ig u Hill, Mbeya, Ngualla (26), Chasweta, Kaluwe (d) and several 
of the Chilwa centres. Minerals containing rare earths and zir­
conium are also noted in the carbonatite of Wigu Hill, N k u m b w a ,  
Chasweta, Loolekop (Palabora), and vents of the Chilwa Series, 
Kangankunde, in particular, having a high percentage of monazite. 
Fluorspar and barytes are concentrated in the carbonatites, 
evidently by late stage processes.
Ultrabasic rocks are frequently closely associated with carbona­
tite. At Shawa in Southern Rhodesia (28) a ring-dyke ” of 
dolomitic carbonatite is emplaced in the central dunite plug ; at 
Palabora (41) the carbonatite is surrounded by a ring of pyroxenite
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{see Part I, Fig. 3, 312); at Budeda in Eastern Uganda the central 
mass of pyroxenitic melteigite passes into pyroxene-carbonatite by 
the gradual replacement of the rock by calcite.* The dunites and 
pyroxenites, however, are not alkaline in character. Thus the 
olivine is forsteritic (and serpentinised) and the pyroxene is diopside. 
Accessory minerals in the pyroxenites are apatite and actinohte 
(Palabora, 48), magnetite (Ilomba, 8) and biotite (Bukusu, 15). 
Similarly the hornblende (with diopside) at Bukusu is not alkaline, 
but the dunite here contains accessories which are c o m m o n  to the 
alkaline rocks, namely apatite, iron ore, calcite and zeolites.
Rocks approaching jacupirangites (magnetite-bearing alkali- 
pyroxenite) occur at H o m a  (39), while biotite-pyroxenite (potash- 
rich) has been recorded in the Western Rift and at a few centres such 
as Musensi (27) and Palabora.
The lime-rich uncompahgrites are related to the ijolite series 
through the nepheline-bearmg turjaite.j* The biotite-uncompah- 
grite at Ran gwa (35) consists of large plates of red-brown biotite with 
aggregates of magnetite, perovskite and apatite enclosed in xeno- 
morphic plates of melilite.
The melteigite-ijolite-urtite series is determined by the variation in 
proportion of two essential minerals, pyroxene and nepheline.J 
The series is strongly soda-rich, soda entering into the pyroxene as 
well as the nepheline. The pyroxene is nearly always an aegirine- 
diopside containing a small proportion of the acmite molecule. N o  
systematic variation in the proportion of acmite in the pyroxene in 
these rocks has been recognised, although at Alno von Eckermann 
(19, 55) found that the amount of alkalis in the pyroxene decreases 
from 2 per cent, in the ijolite to 1 4  per cent, in the melteigite. In 
the hornblende melteigite of Jom bo (4), 30 per cent, of acmite is 
recorded in the pyroxene, whereas values in the ijolites vary from 
10 per cent, at Tororo (15, 26) and 16 per cent, at Nap a k  (29, 43) 
to 18 per cent, at Bukusu (15, 42). Zoned pyroxenes in ijolite at 
Spitzkop suggest that the acmite content varies from 10 per cent, 
initially, to 65 per cent.
In the ijolite series pyroxene tends to be euhedral in the 
melteigites, and nepheline in the urtites, the textures in the ijolites 
varying according to which mineral is dominant (cf. 39, 440 et seq.). 
This feature contributes to the heterogeneous appearance of the 
ijolites remarked upon by Pulfrey, Strauss and Truter (52), and
* Sutherland: unpublished data.
t Turjaite has recently been recognised at Napak by  the present writers.
Î Fulfrey {39, 427) divides the series into: nepheline rock - 5 - urtite - 30 - 
ijolite - 70 - m elteigite - 95 - alkali - pyroxenite (colour indices).
I’LATL T
m
The variable ijolites o f  Lokupoi (Xapak): A. Melteigite invaded  by  
peginatitic ijolite. B. Coinb-strueture in banded pegm atite .
{ V l m t o i i n t : D.S.S.)
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King (29). Variability in the ijolites is also produced by the sporadic 
development of minerals such as melanite and woUastonite, both 
minerals occurring as late replacements. Indeed, heterogeneity is 
characteristic of the ijolites and is to be seen on all scales from that 
of held outcrops to that seen in thin section.
Structures in the ijolites (cf. Napak, Budeda, Homa, Spitskop) 
consist of: (a) an early phase of melteigite-]Dyroxenite invaded by 
ijolite, the host rock forming veined masses and disconnected 
xenohths and schlieren (see PL lA) ; (h) a suceession of narrow cross­
cutting veins varying in texture from medium-grained to pegmatitic 
and ranging to urtite ; and (c) a development of banded pegmatitic 
phases with pronounced comb-structure, imparting a large-scale 
banding to the rock. The bands variously consist of nepheline and 
pyroxene, nepheline or pyroxene, and combinations with wol- 
lastonite and melanite. The comb-structure is due to the prismatic 
habit of large crystals of wollastonite and pyroxene (see PI. IB).
Although there is evidence at Napak and Budeda that the 
melteigites are early and the urtites late in the sequence, Pulfrey (40) 
maintains that at H o m a  replacements occurred in the reverse order 
and melteigites are late derivatives by the development of pyroxene 
in urtite.
The melanite of the ijolites is often zoned (from almost ojiaque to 
pale yellow margins) and Pulfrey records two varieties at Homa, one 
of which is colourless. Sphene, apaJite and, locally, perovskite are 
c o m m o n  accessories, while cancrinite often replaces nepheline, this 
alteration generally accompanying a partial replacement of the rock 
by calcite.
The unique character of the ijolite series as distinet from the 
felspar-bearing plutonic series and the volcanics as a whole is brought 
out by the variation diagrams (Figs. 1 and 2) which show that this 
series is firstly, more undersaturated and secondly, more sodic than 
the other alkaline rocks.
The malignité - nepheline syenite series. The presence of felspar 
distinguishes the rocks of this group from those of the ijolite series; 
Figs. 1 and 2 show that the nepheline syenite series has greater 
affinity with the volcanics, some of which are direct chemical 
equivalents, than with the felspar-free plutonics.
Sometimes, as for example at Tororo and Budeda in Eastern 
Uganda, nepheline syenites occur between ijolites and marginal 
syenites; such an arrangement in order of inwardly increasing 
undersaturation is like that at Alno described by V o n  Eckermann, 
who considers that these rocks have been formed by metasomatism. 
Nevertheless, at m a n y  alkaline centres (cf. Jombo, 4, Chilwa, 20,
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Spitzkop, 52, and Messum, 33), nepheline syenites, especially 
foyaites* are intrusive into any of the otlier rocks and often late in 
the sequence. The possible differences in mode of emplacement of 
the nepheline syenites m a y  explain their widely varying textures.
Jom bo (4) illustrates the variability shown by the nepheline 
syenites (see Part I, Fig. 2, 310). The marginal rocks are largely 
microfoyaites and micromalignites, consisting of soda-orthoclase, 
nephehne, and hght green aegirine; larger crystals of pyroxene are 
zoned from diopsidic cores. Pyroxene juvite, foyaite and pulaskite, 
occurring further into the complex, differ mainly in texture, but 
all contain an orthoclase with perthitic margins and albite rims, and 
clear interstitial nepheline. A n  aegirine-augitef (47 per cent, acmite) 
with brownish cores and an acicular aegirine (72 per cent, acmite), 
included in the nepheline, are both found ; biotite of the lepidomelane 
variety surrounds the pyroxene. Accessory minerals are sphene and 
titaniferous iron ore. A  central mass of nepheline syenite has 
a similar mineralogy, but is of finer grain, while the phenocrysts 
of felspar are smaller and less abundant than in the foyaites.
The complex at Ilomba Hill in northern Nyasaland (<^) contains 
biotite foyaite, aegirine foyaite and sodalite syenite, the last named 
occurring as lenticular masses in the foyaites. Sodalite is also found 
in the syenites at Lueshe in the Belgian Congo. Here too de Bethune 
(7) has described syenites containing primary cancrinite in place of 
nepheline. Masses of nepheline syenite occur in m a n y  of the centres 
of the Chilwa Series (46), and recently Gar son and Campbell Smith 
(20, 63) have given details of the intrusions of foyaite which cut 
country rock and sovite at Chilwa Island. The nepheline crystals 
are only slightly altered and occur within plates of cancrinite and 
orthoclase, with euhedral prisms of aegirine-augite and sphene. The 
pyroxene is zoned from nearly colourless cores to rims of aegirine. 
Apatite is abundant and biotite is present in small amount.
Similar nephehne syenites are described by Pulfrey (40) in the 
Ruri area of Kenya. These mclude a variable dyke ” consisting 
of cancrinite-nephehne syenites, nepheline-analcite syenite, and 
analcite syenite. The last nam ed contains anorthoclase with sheaves 
of aegirine, and calcite after wollastonite (?), the analcite appearing 
interstitiaUy and corroding the felspar. Vesuvianite has also been 
recorded in nepheline syenite from this area.
* Brogger applied the term “ foyaite,” originally employed by Blum , to  
distinguish nepheline syenites with tabular felspars from granular varieties 
and it is now customarily used in this sense.
t  The pyroxene of the nepheline syenites is generally richer in the acm ite 
niolecule than that of the ijolites (cf. von Eckermann, 19).
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Intrusions of foyaite occur in South Africa at Spitzkop (52) and 
Pilansberg (47). Four rings of foyaite are found at Pilansberg, the 
core being formed of red foyaite wherein the nepheline has altered to 
liebnerite. The felspar is microperthite mantled by albite. The 
surrounding white foyaite contains fresh nepheline, with alkali 
felspar, aegirine, eudialyte and sodalite, and secondary analcite, 
cancrinite, kataphorite and fluorite. The green foyaite is produced 
by the development of “ amazonstone,” a potash microcline ; the 
felspar contains celsian. The foyaite shows transitions to tinguaite.
Trachytoid-textured foyaite forms the central stock of the 
Messum complex (33) \ it contains fresh nepheline, cryptoperthite 
with subordinate sodic oligoclase, and ferrohastingsite with minor 
amounts of biotite and pale green augite. Apatite, iron ore and 
sodalite are accessory, while sericite, cancrinite and calcite occur as 
secondary minerals. Pegmatitic phases, sometimes producing a 
banded structure, are c o m m o n  in the foyaites of Napak and Budeda.
The transition from nepheline syenite to malignité depends only 
on an increase in the amount of dark minerals ; in some of the 
foyaites, for example those of Napak and Jombo, malignités occur as 
bands and schlieren.
The Alkali-syenite Series. Syenite and nepheline syenite are 
closely associated at centres such as Budeda, Tororo and Messum,* 
but in Nyasaland large masses of syenite which are independent of 
nepheline syenites nearby constitute the Mian je Plateau and Z o m b a  
Mountain. The Mlanje mass (16, 31) is a fairly homogeneous syenite, 
consisting of large plates of orthoclase, scattered hornblende and a 
httle biotite. With the incommg of quartz the rock approaches 
granite in composition. Witliin the mass the Chambe syenites (63) 
form a series of rings, revealed topographically, but differing only 
slightly from each other in composition. They consist of micro­
perthite with late, clear oligoclase and quartz in the interstices. In 
addition there are riebeckite and arfvedsonite, and the weakly 
biréfringent amphibole, pleochroic from blue to lavender, similar to 
that of Fen and Semarnle, together with a pyroxene ranging from 
aegirine to aegirine-augite. The innermost rings also contain mica. 
The Z o m b a  syenite varies to a fine-grained orthoclase porphyry 
(Ig, 32).
With the syenites are to be included the perthosites, such as that 
of Ilomba (5). In this rock the felspar crystals show a parallel 
orientation, biotite occurs interstitially and both diopside and 
aegirine are present. Syenite grades into shonkinite by increase in
* Cf. the association of phonolite and trachyte among the volcanics.
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pyroxene, and the whole series is generally potash-rich as at Palabora 
(67) and Semarnle (30).
Although Davies describes rocks as syenites at Tororo (15, 24) 
and Budeda (15, 49) he regards them as “ fenites ” in the terminology 
of Brogger. Whereas the syenites of Budeda are extremely variable 
and grade towards pyroxenite, those of Tororo are uniformly 
felspathic and Davies compares them with the orthoclase rock of 
Chilwa.*
The Fenites. As defined by Brogger, the metasomatic aureole 
around the alkalnie complex at Pen, Norway, consists of “ fenites,” 
containing up to 25 per cent, of silica, and “ tveitasites ” wliich are 
more basic rocks. The latter term has never been generally ac­
cepted, but “ fenite ” has been almost universally adopted to 
describe “ any rocks that have suffered alkali metasomatism around 
alkali intrusions, irrespective of composition, but excluding mobilised 
(rheomorphic) and transported hybrid mixed rocks ” (4, 40).
Hence the criteria for metasomatism in situ assume fundamental 
importance. At Ahio, von Eckermann traces gneissic structures 
undisturbed through progressively altered zones of the aureole from 
gneisses through syenitic gneisses (fenites in the original sense) to 
nepheline-bearing rocks and even melteigites, at which stage rheo- 
morphism obliterates the old structures and produces new ones.
Where, however, the alkaline complexes are emplaced in rocks 
without recognisable structures, replacement in situ can be shown 
only by tracing the gradual development of minerals in effectively 
continuous exposures, as at Spitzkop where alkali syenite has evi­
dently been derived from granite. Metasomatism continuing to the 
stage of producing nepheline-bearing rocks as at Alno, has only been 
demonstrated at Messum (33) ; at Spitzkop, Strauss and Truter, it is 
true, suggest that ijohte is produced by nephelinisation, but the 
initial rock here is a therahte.
It becomes apparent that whereas the term “ fenite ” no longer 
refers to a rock of particular composition, namely a syenite of Pen 
type (although used in that sense by Davies as recently as 1956), the 
term “ fenitisation,” as a metasomatic process c o m m o n  to nearly 
every alkaline complex and capable of producing a diversity of rock 
types, is widely used.
A  typical account of fenitisation of basement gneiss is that by 
Garson and Campbell Smith at Chilwa Island (20, 16 seq.). The 
gneiss first becomes shattered and veined by pyroxenic material ; the 
veins consist of aegirine with biotite, apatite, calcite and some
* Garson and Campbell Smith, however, interpret this rock as the product 
of felspathisation and not strictly as a fenite (see later p. 519).
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felsjiar, and at their margins the original felspar becomes coarser 
and aegirine develops. The aegirine forms colourless and pale 
yellow or green radiating prisms and with it is associated a sodic 
ani]]hibole, pleochroic from lavender to pale blue-green {cf. p. 507). 
At a later stage the quartz becomes concentrated into eyelets around 
which radial fibres of pyroxene develop, gradually replacing the 
quartz altogether and producing a syenitic rock. Meanwhile the 
felspar aggregates as larger crystals of turbid orthoclase, and clear 
twinned plagioclase forms between the orthoclase and the pyroxene. 
As in comparable stages in fenitisation at Alno, the gneissic foliation 
is preserved after the disappearance of the quartz. The process 
involved addition of potash, soda and iron oxide, and probably of 
alumina and phosphoric oxide, while silica was removed.
Subsequently the fenitised rocks were brecciated and the breccia 
was felspathised towards the contact with the central carbonatite. 
The authors variously state that this process is “ the ultimate stage 
in the fenitisation ” (op. cit., 30) and “ of a distinct and different 
origin ” (31); clearly, however, the two processes are separated in 
time. The later process produces a mesh of stout felspar laths with 
dark brown alteration products interstitially ; the felspar appears to 
be orthoclase or orthoclase cryptoperthite. At a further stage the 
felspars develop into sheaves and bundles of parallel plates, and 
zircon is a c o m m o n  accessory.
Whereas fenitisation involves increase m  both alkalies, fels- 
patliisation results in a further increase in potash, but a relative 
loss of soda. Alumina also increases, but loss of ferrous and ferric 
iron is reflected in the reduction of the mafic minerals.
At Toror D u  Bois (18) recognises three phases in the fenitisation 
of gneiss, namely, preliminary shattering, iron metasomatism and 
alkali metasomatism, but alteration here does not proceed to the 
complete elimination of quartz.
At Spitzkop (Strauss and Truter, 52), the Bushveld granite has 
been fenitised in two stages ; the first is represented by a reddened, 
cellular umptekite, in which the quartz is being replaced by ochreous 
material, and the second by a white umptekite, in which quartz is 
further reduced and the mafic minerals increase, while the felspars 
lose their red colour and grow in grain size. The quartz of the 
granite is replaced initially by a blue fibrous amphibole, which later 
develops into larger crystals of a strongly pleochroic variety (pale 
brown to deep brown-green). W h e n  quartz has finally disappeared, 
the amphibole is replaced by aegirine.
At Semarnle, in Bechuanaland (30), the development from 
granites of alkali syenites containing aegirine-augite and melanite is
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shown not only by the inheritance of the structural pattern of the 
original granites, but also by the retention to an advanced stage of 
alteration of a characteristic ovoidal texture displayed by the felspars 
in one of the varieties of granite. The syenites are strongly potash- 
rich and sometimes contain as m u c h  as 2*5 per cent, of BaO, which 
enters the alkali felspar as celsian.
Fenitisation of sediments is illustrated at Kikonde ridge which 
extends north-north-west from Mrima Hill in Kenya [4, 40). Here 
narrow veins of syenite cut sandstones of the Middle D u r u m a  Series 
and, as recorded by Baker, “ every step of the fenitisation process 
can be traced. The gradation from sandstone to fenitic syenite 
takes place over a distance of a few centimetres ” (41). The texture 
of the sediment remains, but orthoclase and subordinate albite 
replace the original clastic grains. Small relic grains of quartz 
remain in the felspar, and green aegirine replaces quartz between the 
felspar. Later orthoclase forms larger, perthitic crystals obliterating 
the clastic texture and enveloping early aegirine. Here the process 
of fenitisation has clearly involved greater exchange of material than 
in the case of granites or gneiss. The elements introduced are K, 
Na, Al, Fe, Ti and P  and silica is evidently removed.
In the Messum complex [33, 21 et seq.) metasomatism related to 
the central stock of foyaite has transformed the surrounding acid 
pyroclastic rocks into syenite, which inwardly become nepheline- 
bearing and gradational to the foyaite (see Part I, Fig. 5 a , 316). 
The silica removed from the tuffs during the process is beheved to 
have migrated outwards to form nordmarkite. The basic igneous 
rocks at Messum involved in fenitisation show the replacement of 
augite by hastingsite and plagioclase by nepheline. Sodalite and 
analcite develop both in the melanocratic and, more abundantly, 
in the leucocratic fenites. Fenitisation of a basic rock is also illus­
trated at Dorowa in Southern Rhodesia (28) where a coarse-textured 
quartz dolerite is involved in the alkaline complex. Veins of a pale 
yellow-green amphibole traverse the rock, the plagioclase is replaced 
by zeolites and calcite and the original augite recrystallised as 
a mosaic of aegirine-augite.
Rheomorphism of fenites is generally difficult to prove. At 
Messum, however, Mathias has traced veins of granitic to syenitic 
composition into the fenitised matrix of the agglomerate where they 
originate. In the Semarnle complex, mobilisation of the syenites is 
clearly shown by the disturbance of structures inherited from the 
original granites and the development of new transgressive patterns
(30). At Chilwa, rheomorphism of the felspathic breccia is inferred 
from the observation of intrusive tongues of felspar rock invading
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both the breccia and the carbonatite (20, 29). The similarity be­
tween the intrusive felspar rock and the dykes of porphyritic trachyte 
and solvsbergite is also noted. More speculative is the suggestion 
by James (27) that the sanidinite dykes at Musensi are derived by 
mobilisation of the felspathic fenites.
F r o m  the numerous descriptions of fenitisation that are n o w  
available it m a y  be concluded that : (a) in most cases the process is 
capable of desilicating granites or even sandstones to the composition 
of syenites, and in some instances to that of undersaturated rocks ; 
(h) the constituents contributed in the development of the fenites 
vary in different locahties according to the nature of the invaded 
rock, but the usual ones are alkalies and alumina, iron and phos­
phorus ; (c) the process generally tends to produce a rock that is more 
melanocratic than the original, developing firstly a sodic amphibole 
that is peculiar to the fenites and then aegirine; (d) felspar is not 
usually introduced initially, but at a later stage, which is not every­
where represented, potash felspar especially m a y  be developed in 
great abundance.
A  fenitised envelope is present whether the complex consists of 
silicate rocks only, silicate rocks and carbonatites, or carbonatites 
alone. The source of the fenitising agencies is thus problematic, and 
while in a number of cases it seems that the source must lie in the 
carbonatite, in all cases the carbonatites prove to be later than the 
fenites.
(To he concluded)
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P a r t  I I I .  P e t r o g e n e s i s
I d e a s  on the genesis of the alkaline rocks of Africa owe m u c h  to 
those reached by workers on other alkaline areas of the world, 
notably the Fen area of Norway (Brogger, 1921; Saether, 1957, 
etc.) and the Alno area of Sweden (Hogbom, 1895; von Eckermann, 
1948).
The hypothesis of syntexis between limestone and primary 
basalt or granite magma, associated especially with the names of 
Daly and Shand, which promised at one time to provide an 
effective general solution to the problem of alkahne rocks, must 
be considered n o w  as entirely unacceptable as an explanation for 
the alkaline complexes of Africa and indeed of all comparable 
complexes elsewhere. Arguments against the hypothesis have been 
advanced by m a n y  writers, so that they need no detailed repetition 
here. It should be noted, however, that the conclusion that the 
carbonate rocks in the African complexes are intrusive and not 
sedimentary limestones, as assumed by Shand for the few examples 
then known, does not by itself preclude the possibility that they 
are ultimately derived from a sedimentary source. Indeed, Brogger, 
in his classic study, considered that those of the Fen area represented 
remelted Archæan limestones, while Daly and Shand envisaged the 
possibility of the migration of calcium carbonate as well as of alkaline 
solutions produced by reaction between m a g m a  and limestone in 
depth, and Pecora in his recent review (1956) has been careful not 
to exclude entirely the possibility of resurgent carbonates. Never­
theless, the highly distinctive assemblage of minor and trace con­
stituents in the carbonatite, quite unlike those of sedimentary lime­
stones, appears to point unequivocally to a juvenile source.
Increasing knowledge has in fact served to emphasise the 
complexity of the problem of genesis, a complexity that is apparent 
from the variations in the pattern shown by the alkaline centres 
themselves and is very obviously reflected by the diversity of views
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advanced by those working on different areas. In recent years 
attention has been directed more largely to the carbonatite-bearing 
centres with their assemblages of unusual rock types, so that their 
genetic relationship with the associated volcanics and with the great 
developments of both volcanics and plutonics of less strongly 
alkaline character has tended to be overlooked. Moreover, a n u m ­
ber of different genetic aspects, some more readily capable of 
solution than others, are commonly treated together: these are 
especially— (a) the modes of emplacement of the various members 
of the complexes; (6) the genetic relations between the directly 
observable rock types, both volcanic and plutonic, and (c) the 
nature of the primary materials.
(a) M o d e s  o e  E m p l a c e m e n t
The modes of emplacement of the main members of the volcanic 
sequences are clear enough, namely, as extrusive lavas or deposits 
of pyroclastics, although there is less assurance as to the significance 
of the carbonates (mainly calcite) which are not only abundantly 
developed in the fragmental rocks, but which include, as in Kerimasi 
and Hanang, masses that are claimed to represent extrusive car­
bonatites (James, 1956). James has observed fiow structures in 
parts of the Kerimasi mass, but in general these masses are so 
brecciated, modified by solution and redeposition and affected by 
deep weathering that their precise nature is difficult to ascertain. 
In any case it seems reasonable to assume that if they have been 
emplaced as coherent bodies they result from extrusion of solid 
material, as suggested by James. In the volcanic fields, too, as 
well as the abundant carbonates wliich pervade the pyroclastics, 
the ubiquitous zeohtes and the associated saline deposits bear a 
genetic connection with vulcanism, but their actual manner of 
derivation and development is often obscure.
All mechanisms of emplacement that have ever been advanced 
have been considered in explanation of various members of the 
plutonic centres : these m a y  be summarised:
Intrusion (1) as liquid or part-liquid Silicate rocks and
m a g m a  carbonatites
(2) as solid masses : rigid plugs Carbonatites 
or plastic fiow
(3) as tuffs or intrusive breccias Carbonatites ; vent
agglomerates
Accumulation of early-formed crystals Ultra-mafic sili­
cate rocks
GEOLOGY
Replacement of pre-existing rock
Infilling of open or dilating fissures by 
solutions
711
Silicate rocks and 
carbonatites 
Carbonatites, etc.
Of the silicate rocks there is general agreement that in m a n y  
complexes some at least of the marginal members are the result 
of replacement in situ. Descriptively, however, a distinction must 
be drawn between those rocks which lie outside the complex proper 
and which manifestly represent altered or “ fenitised ” older rocks, 
usually gneiss or granite, in which original structures and textures 
are largely retained, and an inward zone of syenitic rocks, the 
origin of wliich by replacement is less obvious (Fig. 1, 1).
I. FEN TYPE
G neiss ,
II. A L N O  TYPE
F e n f t^e  s
AI Co
Mg Fc
IV CHILWA TYPETO R O R O  TYPE
Fenilc  II Fen i le  1 
 No AI Fc
F ig . 1.— D ia g r a m m a tic  se c t io n s  i l lu s tr a t in g  r e la t io n sh ip s  b e tw e e n  c a r b o n a tite  a n d  
s i l ic a te  rock s in  d ifferen t p a tte r n s  o f  a lk a lin e  c o m p le x e s .
The conclusion that nepheline-bearing syenites and ijolites at 
Alno are also replacement bodies was reached by von Eckermann 
on the evidence of partial retention of original gneissic structures 
and the observation of their continuity with the nepheline-free 
fenites into which they pass outwards (Fig. 1, 11). Nephelinisation 
is also recognised at Spitzkop by Strauss and Truter (1951) and at 
Messum by Mathias, (1956). In the great majority of complexes, 
however, there is no evidence that the inner members, including 
all those that are nepheline-bearing and often also those of syenitic
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composition, are other than intrusive. Nevertheless, in those cases 
like Alno, where there is a systematic zonal variation in composition 
towards the centre, the possibility exists that, even in the absence 
of relict structures, replacement in situ has been a major process. 
In most of the African examples, however, the inner members 
display no such regularity, and are often demonstrably independent 
bodies of differing composition and texture, sometimes forming 
rings, but frequently occurring as more irregular or eccentrically 
placed masses (cf. Jombo; Palabora; see Figs. 2 and 3, Part 1).
The conclusions reached by Dixey et al. (1937) in respect of the 
Chilwa series of carbonate-hearing complexes must be regarded as the 
earliest in which an intrusive igneous origin for these critical rocks 
was clearly recognised. These authors noted the presence of flow 
structures and xenoliths as well as the compositional differences 
from limestones of sedimentary origin.
In all other complexes it is n o w  realised that the carbonatites 
are largely if not entirely intrusive in character and where present 
they form the central and latest mem ber of the complex. At 
Cliilwa the three distinct types of carbonatite appear to represent 
successive intrusions (Garson and Campbell Smith, 1959, 110). 
Nevertheless, just as in the Fen area Saether has shown that the 
carbonate rocks must in part be regarded as replacive, so replacement 
is considered a significant, though subordinate, process in m a n y  
of the African complexes. This is especially clear in the marginal 
zones of the carbonatites where xenoliths are demonstrably under­
going carbonatisation and all gradations m a y  be seen in the pro­
gressive replacement of the adjacent silicate rocks by carbonates.
Although the essentially intrusive nature of the carbonatites had 
been clearly established by a number of field workers, there was 
considerable hesitation in ascribing a magmatic character to these 
rocks during emplacement, owing to the apparent impossibility of 
material of this composition existing as a hquid at the temperatures 
inferred from the associated minerals and the alterations in the 
country rocks. Some had indeed concluded that intrusion occurred 
in all probabifity as a plastic solid, while Garson (1955) inferred 
from the structures seen in some of the carbonate dykes of Nyasaland 
that they were formed as fragmental rocks.
It should be noted, however, that although experimental work 
(see below, p. 715) has n o w  shown that hquids approximating to the 
composition of carbonatites can exist at relatively low temperatures 
and pressures, the structures and textures seen in actual carbonatites 
are rather varied, and whereas in some cases they are compatible with 
liquid flow, in m a n y  others they more closely resemble those resulting
PLATE I.
Carbonat ites frojn L im ekiln  H ill, Tororo, show ing b anding associated  w ith  re- 
erystallisat ion. In  A  there occurs a w ell-defined  vein  o f  coarse aegirineaugite, 
w hile in B there are concentrations o f  th e  pyroxen e again st bands or veins  
of calcite. B oth  {photographs show  areas in  w hich  th e  pyroxen e occurs in  
long rad iating crystals. T he other veins are o f fine-grained carbon atite .
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from plastic deformation as in metamorphic limestones {cf. Haether, 
1957, 92). In yet other cases the banding is reminiscent of that in 
migmatites and certainly reflects recrystallisation with the develop­
ment of concordant and semi-concordant vein patterns of re%)lacement 
type.* Thus even though the carbonatites m a y  have been origin­
ally formed or emplaced as liquid m ag mas they have undergone 
subsequent metamorphic and metasomatic changes.
All the carbonatites, too, are characteristically transected by a 
succession of later dykes and veins, varying in type from ones 
showing flow structures to others which are of coarse-textureel 
carbonate with the appearance of being hydrotherm al infillings of 
open or dilating fissures. Garson has shown th a t dyke-like bodies 
of carbonatite have been disrupted and pulled out by later move­
m ent regeneration ” ) of the host carbonatite (Garson and Camp­
bell Smith, op. cit., 35).
(b) G e n e t i c  R e l a t i o n s  b e t w e e n  M e m b e r s  o e  t h e  C o m p le x e s
The nature of fenitisation is n o w  well documented; there is 
general agreement that alkalies and alumina were added and silica 
removed, although the relative importance of potash and soda 
varies in different localities. Somewhat surprisingly it is %iotash 
which generally shows the greater increase and in fact at both Alno 
and Chilwa only addition of potash is inferred. Saether suggests 
that the ratio of the alkalies added depends on the composition of 
the invaded rocks, but this can hardly be true of Chilwa and 
Seniarule, where potash alone has increased to over 10 per cent, in 
the final product of fenitisation.
Inferences as to the temperatures obtaining during fenitisation 
have been based partly on the supposed stability limits of the 
aegirine and amphibole, but more particularly on the nature of the 
alkali felspars. Wliereas in m a n y  localities the felspar is reported 
as micro dine {e.g. Chilwa, Spitzkop), at others {e.g. Alno, Raiigwa) 
a homogeneous potasli-soda felspar has been recorded, implying 
apparently crystallisation above the solvus at around 700° C, 
although von Eckermann considered that the temperature of the 
syenitic fenite zone was no more than 300° C {op. cit., 150; and see 
also Campbell Smith, op. cit., 211). Saether {op. cit., 23) concluded, 
however, that fenitisation involved temperatures that were near 
magmatic,” while the ultimate product, the pulaskitic fenite, having
* Su ch  d iverse  stru ctu res are v e r y  w ell seen  in  th e  large quarries a t  T ororo, 
U g a n d a , w h ere ex ce llen t exp o su res o f  u n w ea th ered  ca rb o n a tite  are a v a ila b le  
{see P la te  I ).
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been thoroughly recrystallised with the development of a h o m o ­
geneous felspar (18), “ behaved as magma,” although it was “ not 
all fluid ” (23).
According to most descriptions fenitisation is associated with 
shattering, granulation or brecciation of the country rocks. Around 
the carbonatites of Tundulu and Chilwa, however, the breccias them­
selves contain fragments of fenite. At Chilwa, Garson and C a m p ­
bell Smith show that inwards the breccias become felspathised, a 
process that they regard as distinct from fenitisation, although it 
m a y  represent an ultimate stage (Fig. 1, IV). In m a n y  of the 
complexes there is evidence that the fenites have been mobilised, 
and at Chilwa (op. cit., 29) it is considered that the felspathic breccia 
of Chilwa becomes rheomorphic and cuts both the unmobilised 
breccia and the carbonatite.
Opinions differ as to whether the source of the fenitising agencies 
was the inner, intrusive alkaline rocks or the carbonatites. The 
latter appear to be the obvious source in the case of those centres, 
such as the Chilwa Series, or Toror in Uganda, where no intrusive 
silicate rocks intervene between the fenitised envelope and the 
carbonatites themselves (Fig. 1, IV). Indeed, a direct connection 
appears to be the inescapable conclusion where fenitisation occurs 
along carbonatite dykes (Fockema, 1952). Nevertheless, the con­
nection is by no means a simple one, for the carbonatites of the 
complexes are always later than the fenites and sometimes, as 
at Tororo, transgress the stages of fenitisation (Fig. 1, III). At 
Chilwa it has been concluded that fenitisation was associated with 
the carbonatite in depth, while the later phase of felspathisation was 
related to its invasion to the present level.
The origin of the inner silicate rocks has also been explained 
in different ways, the differences being fundamental according to 
whether the rocks are regarded as derivatives of a silicate m a g m a  
(or magmas), or as the end product of fenitisation and mobilisation. 
Saether adopts the former view in concluding that the ijolite series 
corresponds to the immediate magmatic source in the Fen area; 
solutions from the m a g m a  permeated the country rocks to produce 
the fenites, whereas the carbonatites were derived from residual 
solutions of the same magma. King (1949) likewise interpreted the 
central carbonatite of Napak as a late derivative of a carbonated 
ijolitic magma, and James (op. cit.) holds somewhat similar views 
with regard to the carbonatite-bearing centres of Tanganyika. 
McCall (1958) also regards the ijolites of R an gwa as purely magmatic, 
and the foyaites as resulting from hybridisation between metaso­
matic fenites and ijolitic magma.
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V o n  Eckermann, on the other hand, concludes that the entire 
sequence of silicate rocks at Alno was developed by reaction between 
the pre-existing rocks and a magmatic “ melt ” or liquid, high 
tensioned, but of low temperature (400 to 600° C), consisting mainly 
of carbonates, essentially potassic, but containing also lime, magnesia, 
alumina, iron, titania, etc. The carbonate melt was silicated at the 
same time as the wall rocks were desilicated. The carbonatites 
correspond to the most undersaturated (silica-poor) residue of the 
syntectic melt. The silicate rocks, including nepheline-bearing 
types, are thus regarded as end-products of fenitisation or their 
mobilised equivalents.
Affinity with the carbonatites is shown by the fact that the 
melanocratic members of the complexes are just as characteristically 
rich in lime as the leucocratic members are in soda. Extreme 
examples of lime-enrichment in the silicate rocks are shown by the 
melanite and wollastonite rocks of Semarule and the umcompah- 
grite of Rangwa. It was largely to explain the abundance of lime 
that Davies (1952) suggested pyroxenite as parental to the magmatic 
sequence.
Direct links between the silicate rocks and the carbonatites are 
represented by rocks of intermediate composition; the presence of 
“ primary,” but late-stage calcite in some of the ijolites has been 
regarded as evidence for the derivation of the carbonates as residual 
magmas. Saether (op. cit., 88 et seq.) concluded that the carbonatites 
of the Een area were largely magmatic since they show the same 
mineralogy as the silicate rocks and that they were derived from the 
same m a g m a  as the ijolite series. The carbonatites of Een are 
of two types ; those containing a homogeneous soda-potash felspar, 
implying a consolidation temperature in excess of 700° C, the 
other containing separate microcline and albite, indicating forma­
tion below 650° C. Recent experimental work by Wyllie and Tuttle 
(1960) shows that liquids of low viscosity can exist in the 
C a O — C O  2— H g O  system at temperatures as low as 640° C  and 
pressures down to 27 bars. In view, however, of the consistent 
evidence of the content of carbonatites in volatiles and alkalies 
prior to emplacement, it is probable that earlier experiments on 
systems containing CaCOg and NagCOg or equally re­
levant. In these systems liquids with more than 50 per cent, of 
alkali carbonate exist at temperatures at least as low as 750° C.
The volcanics associated with carbonatite-bearing complexes 
consist predominantly of lavas and pyroclastics of nephelinite 
composition. This contrasts with the greater abundance of car­
bonatites and syenitic rocks in the plutonic complexes themselves.
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but strongly suggests that m a g m a  of nephelinitic composition was 
of major significance in their development. Lavas of trachytic and 
phonolitic compositions are also represented, as at Elgon and Napak, 
where they occur as early flows. It is noteworthy that lavas in the 
composition field between trachyte-phonolite and nephelinite are 
very sparsely represented, a paucity that is not easily explained if 
the more salic lavas are regarded as derivative m a g m a s  from a basic 
nephelinitic parent. The trachytes and phonolites m a y  be compared 
compositionally with the fenites (including nepheline-bearing fen­
ites) and it seems likely that they are the products of mobilisation of 
these rocks.
This relationship is in marked contrast to that shown by the less 
strongly alkaline vulcanism, seen for example in the Tanganyika 
Rift (James, op. cit.) and the R u n g w e  area (Harkin, 1960), where 
trachytes and phonolites often appear late in the history of volcanoes 
largely built of alkali basalts, while the plutonics are represented 
by ejected blocks of gabbro, syenites and foyaites. Here it would 
seem that the more silica-rich lavas represent the end-products of 
crystallisation sequences from alkali basalt.
The straight-line character of the ijolite series on the diagram 
(Fig. 1, Part II) refiects the fact that it corresponds essentially to 
a variation in the relative proportions of two minerals, nepheline 
and pyroxene. Field and pétrographie evidence consistently in­
dicates that melteigite is the primary m em ber of the series, an 
observation that is of especial interest in view of the approximate 
compositional equivalence of melteigite with the predominating 
lavas. The ijolite series could, moreover, be regarded as a crystal­
lisation sequence from melteigite, since virtually no change in sifica 
percentage is involved. The problems here, however, are to 
reconcile the field observation of a sequence from melteigite to 
urtite, the textural evidence that pyroxene or nephelme, whichever 
is the more abundant, is the first to crystallise, and the physico­
chemical indication that both end-members have higher melting 
points than the intermediate members of the series. It is possible, 
however, that progressive concentration of volatiles might profoundly 
modify the crystallisation relationships in the natural series.
Saether infers a “ peralkaline carbonate-rich basalt or peridotite ” 
which by escape of volatiles leads to alkafine metasomatism (feni­
tisation) and subsequent crystallisation gives rise to the ijolite series. 
Chemically, however, it seems more likely that the ijolite series 
arises under conditions favouring retention of alkalies, for by loss 
of alkalies and alumina the ijolite series would be transformed into 
the volcanic series. Tliis could be regarded as supporting the
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notions that the volcanic series (or the foyaite-malignite plutonic 
equivalents) is formed either by hybridisation between fenites and 
ijolites or that it arises as the end product of fenitisation by intro­
duction of alkalies and alumina from an ijolitic m a g m a  source.
(c) P r im a r y  M a t e r ia l s
O n  a regional scale the following aspects appear to be the most 
significant requiring explanation:
A. Volcanics
(i) the prevailing basic composition of the lavas in all the 
volcanic fields;
(ii) the occurrence of basalts (olivine or alkali ” basalts) on 
an extensive scale, greatly predominating over the strongly 
alkaline lavas;
(iii) the two major associations shown by the volcanoes:
Basalt-phonolite-trachyte 
Nephelinite-carbonatite {cf. James, 1956).
(iv) the explosive character of the central volcanoes.
B. Plutonics
(i) the prevailing syenitic composition of the larger plutonic 
masses ;
(ii) the range of associations from granite-syenite-gabbro (normal 
or only slightly alkaline) to the ijolite series (felspar-free);
(iii) the occurrence of carbonatites.
A n  important general observation is the very long period of geological 
time during which the region has been characterised by the same type 
of igneous activity.
Despite the widespread development of normal basalts and the 
local occurrence of suites intermediate towards the strongly alkaline 
rocks, the generally distinct demarcation in time or space between 
the two major volcanic associations suggests a fundamental 
difference in genesis. It is difficult, for example, to suppose that 
the great belt of nephelinite volcanoes extending through eastern 
Uganda into Kenya is derived from a primary basalt magma, for 
which there is here no direct evidence at all.
It is also apparent that derivation of an initial nephelinite 
(melteigite) m a g m a  cannot be achieved by a process of fractional 
crystallisation from basalt magma, smce separation of any early- 
formed crystals would in most cases actually increase the silica 
content of the liquid. Nor is primary basalt a possible source for 
the minor constituents which are so characteristic of the alkaline 
suites.
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Even for the assemblages of the R u n g w e  volcanics, which are 
typical of alkali olivine-basalt provinces, Harkin concludes that 
simple fractional crystallisation of basaltic m a g m a  by itself appears 
inadequate, but that earlier carbonatites and associated rocks m a y  
have played a part. H e  considers that the salic members are 
related to the incorporation of associated syenitic rocks while the 
carbon dioxide was concentrated in the acid differentiates and was 
responsible for the characteristic explosive activity.
Davies’ suggestion of a primary pyroxenite and Strauss and 
Truter’s of a primary peridotite encounter m a n y  of the same 
difficulties as a basaltic parent; they would, moreover, produce 
only very small fractions of alkaline derivatives and, if m a g m a s  
having similar compositions to actual rocks are envisaged, would 
be highly deficient in volatiles and the “ alkaline ” minor constituents 
as well as alkalies. For these reasons Saether’s “ peralkaline 
carbonate-rich basalt or peridotite ” has more to c o m m e n d  it 
{op. cit., 140 et seq.). H e  infers that the carbon dioxide is ultimately 
only that normal in basaltic m a g m a s  and supposes that concentration 
is effected in the composite liquid under gravity, the more mobile 
cations Na, K, Ca being also affected, and by fractional crystallisa­
tion in forming an alkaline magma.
The “ m a g m a  X ” (nephelinite) of Holmes (1937), the alkali 
basalt or peridotite of Saether, or the melteigite of the present 
account have m u c h  in common, but although they are considered 
to represent the initial terms of the plutonic and volcanic sequences 
are not necessarily regarded as representing primary materials. 
Saether supposes that a kimberlite m a g m a  m a y  be parental, essenti­
ally a carbonate and lime-rich peridotite. Harkin concludes that 
in the region of the East African Rift Valleys two m a g m a  types are 
fundamental, basaltic and carbonatite-kimberlitic. Several have 
observed {cf. James) that kimberlites and carbonatite complexes 
are not found in the same regions ; in fact the former tend to occur 
away from the rift valleys, but conceivably the two might represent 
the expressions of different structural environments. Harkin 
suggests that both carbonatites and kimberlites have an ultimate 
source in the earth’s peridotite layer and it is indeed the likelihood 
that kimberlite is related to depths below that of basaltic m a g m a  
that commends it as a primary material.
Those wh o  appeal to primary carbonatite magma, such as the 
carbonated alkaline melt of von Eckermann or the carbonate 
emanations of Holmes, are postulating source material which is not 
very different chemically from kimberlite, although contrasting 
physically. Nevertheless, a number of diverse modes of derivation
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of the alkaline rocks from such primary materials have been 
envisaged :
[а) Kimberlitic or peridotitic m a g m a  from a sub-crustal layer:
(i) itself constituting the initial m a g m a  from which the 
plutonic and volcanic series have been formed;
(ii) generating carbonate and alkaline emanations which 
give rise to the initial m em ber of the series by meta­
somatism and mobilisation.
(б) Carbonate-alkali emanations from a source in depth :
(i) forming the initial mem ber of the alkaline series by 
reaction with either:
basaltic m a g m a  (involving essentially only addition 
of alkalies and alumina, together with volatiles); 
sialic (granitic) material (involving more extensive 
additions, including hme, magnesia and iron) ;
(ii) forming the alkaline series directly by progressive 
desilication of sialic material (von Eckermann).
The last suggestion, although it has the merit of simplicity and 
imphes that the carbonatites represent residues of primary material, 
does not readily explain the abundance of basic volcanics. The 
latter are more easily envisaged as derived from modified or con­
taminated basic or ultrabasic magmatic material, from which 
alkaline emanations give rise to the syenitic plutonics by the 
metasomatism of the country rock, while the final residues, in which 
are concentrated the minor constituents, are emplaced as the car­
bonatites.
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D. S. SUTHERLAND
N O M E N C L A T U R E  O F  T H E  P O T A S S I C - F E L D S P A T H I C  
R O C K S  A S S O C I A T E D  W I T H  C A R B O N A T I T E S
Abstract: The terminology used in describing the 
potassic'feldspathic rocks associated with carbona­
tites is inconsistent. This paper discusses the nomen­
clature and proposes definitions of the terms and a 
scheme of classification.
Introduction
In 1937 Dixey and others described the Chilwa 
vents of Nyasaland, and introduced a new rock 
type which consisted of about 80 per cent po­
tassium feldspar but which had textures vary­
ing from coarse- to fine-grained and was, in 
many cases, of a brecciated character (Dixey 
and others, 1937; revised, 1955). New terms 
were used to describe these unusual rocks, in­
cluding “ feldspathic intrusive” and “ feldspathic 
breccia,” but the terms were not defined. Simi­
lar ultrapotassic rocks have subsequently been 
recorded in other complexes associated with 
carbonatites in Northern Rhodesia, Tangan­
yika, Uganda, and Sweden; and further work 
has been carried out on the Chilwa centers in 
Nyasaland. The relationships between the vari­
ous types of feldspathic rocks are now being 
more fully appreciated, largely through Car­
son’s work in Nyasaland (1961; 1962); and the 
original terminology has been both redefined 
and supplemented by the introduction of new 
terms. Many of the terms in use today, how­
ever, are inconsistent, a notable example being 
“ feldspathic breccia” which is used in various 
senses by different writers. This paper summa­
rizes the use of various terms in the literature 
and proposes a scheme of classification for the 
feldspathic rock types found at carbonatite 
centers.
Breccia and Agglomerate
Because many of the feldspathic rocks are 
fragmental it is necessary to consider first the 
use of the terms “ breccia” and “agglomerate.” 
In most accounts of carbonatite centers, the 
term “agglomerate” is freely used, despite the 
fact that the rocks are intrusive rather than ex­
trusive. Most classifications {cf. Wentworth and 
Williams, 1932; Fisher, 1961) require that ag­
glomerate, as a pyroclastic rock, constitute ma­
terial ejected from a vent. However, no distinc­
tion can be made, in many cases, between the 
material of an extrusive agglomerate and that 
which never reached the surface. The term 
“agglomerate” was used by the writers of the 
classic memoirs of Scottish Tertiary volcanic 
districts {cf. Harker, 1904) for both extrusive, 
bedded pyroclastics and intrusive vent rocks; 
and Wentworth and Williams (1932, p. 26) ap­
proved the use of the term “ vent-agglomer­
ate.” Bailey (1960, p. 29), therefore, felt justi­
fied in using “agglomerate” to describe the in­
trusive fragmental rocks of carbonatite centers 
in Northern Rhodesia.
The use of the terms “agglomerate” and 
“ breccia” was discussed by Wentworth and 
Williams (1932, p. 25 and 30-33) who clearly 
preferred a distinction based on the degree of 
roundness of the fragments, by analogy with 
the significance of the terms “conglomerate” 
and “ breccia” as applied to sediments. In Dix- 
ey’s descriptions of the Chilwa vents (Dixey 
and others, 1937, p. 8), however, the terms “ag­
glomerate” and “ breccia” were used synony­
mously, and no distinction was apparent, based 
either on the shapes o f the fragments or on the 
nature of the fragments and the matrix. Garson 
and Smith (1958, p. 24), in defining some of the 
rocks previously described by Dixey, described 
contact breccia as “ consisting of angular frag­
ments” but agglomerate, as “ a breccia of vol­
canic origin . . . ” Bailey (1960, p. 29), however, 
distinguished agglomerate on the basis of 
rounded fragments.
To qualify “agglomerate” and “ breccia,” de­
scriptive terms are preferable to those with 
genetic implications, for the latter are often 
based on interpretation. Wright and Bowes 
(1963) suggested that the main rock composing 
the fragments be denoted by a noun used as an 
adjective, and the nature of the matrix by an 
adjective. “Calcareous trachyte breccia,” then, 
would refer to a rock having angular fragments 
of trachyte in a matrix largely consisting o f
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calcium carbonate. If the fragments are varied, 
the terms “mixed agglomerate” or “mixed 
breccia” could be used.
In practice, it might be difficult to distin­
guish between a breccia (or agglomerate) in 
which the matrix is calcareous and a carbonatite 
containing xenoliths. Plate VB in Carson’s ac­
count of Tundulu (1962) may be compared 
with Figure 4 in Garson and Smith’s description 
of Chilwa Island (1958, p. 27). The rocks de­
picted in each case are remarkably similar, but 
whereas the former was interpreted as “sovite- 
agglomerate,” the latter was described as a 
carbonatite with “schlieren of feldspathic brec­
cia.” In such cases, it may not be possible to 
distinguish between originally fragmental and 
crystalline, “ igneous” carbonate; and both 
might be confused with an agglomerate whose 
matrix has subsequently been carbonated. How­
ever, these are problems of interpretation rather 
than nomenclature.
Terminology o f  Feldspathic Roc\s
Several general terms were used by Dixey 
and others in 1937. These include “ feldspar 
rock” (p. 11) which embraces rocks ranging 
from coarse-grained to felsitic, together with 
spherulitic, vesicular, and porphyritic varieties 
and breccias. The term “feldspar rock” is not 
common in subsequent literature, although it is 
a convenient field term. This writer has used it 
to describe coarse-textured varieties.
As a general term, “feldspathic rocks,” used 
by Dixey and others (1937, p. 12), again to in­
clude a variety of textures, has generally been 
applied more extensively. Although technically 
“feldspathic rocks” includes rocks with con­
centrations of any feldspar, an alkali feldspar is 
generally implied when the term is used in con­
nection with carbonatite complexes.
“Feldspathic intrusive” (Dixey and others 
1937, p. 8), indicating the inferred mode of em­
placement of these rocks, has not been used by 
other workers.
Dixey and others (1937) introduced the term 
“feldspathic breccia” but did not define it, al­
though they referred (p. 17) to a “ brecciated 
feldspathic rock” and clearly implied (p. 43) 
that feldspathic breccia was derived by the 
brecciation of an already feldspathic rock. Gar­
son and Smith (1958, p. 24), however, defined 
“feldspathic breccia” as a “ . . . feldspar-rich 
breccia derived from contact breccia by feld- 
spathization of the wall rock fragments” ; this 
definition altered the original meaning o f the 
term. Bailey (1960, p. 18) used “ feldspathic 
breccia” in the same sense as Dixey and others
(1937) when he implied that brecciation and in­
trusion were later than feldspathization. If the 
term could be regarded as purely descriptive, 
“feldspathic breccia” would refer to a breccia of 
any rock in a feldspathic matrix, according to 
the terminology of Wright and Bowes (1963); 
but even used descriptively the term is not 
really adequate to cover the rocks concerned. 
These generally consist of feldspathic fragments 
in a feldspathic (but sometimes calcareous or 
ferruginous) matrix.
Dixey and others (1937) referred more spe­
cifically to some of the fine-grained feldspathic 
rocks as “ trachyte” ; Garson’s (1961, p. 56, 61) 
broadening of this term to include coarse-tex­
tured rocks is confusing. “Orthoclase rocks” 
(Dixey and others, 1937, p. 43; Davies, 1956, p. 
24; Bailey, 1960, p. 23) or “orthoclasite” (Jo- 
hannsen, 1937, p. 5) are more appropriate terms 
for the coarse-textured rocks; “sanidinite” may 
also be applicable (Garson, 1962, p. 75). “Al- 
korthosite” was introduced by von Eckermann 
(1948, p. 16) to describe rocks which consist 
largely of soda-orthoclase; this term has not 
been used by other workers, probably because 
the feldspathic rocks are more commonly potas­
sic. For Na-K feldspathic rocks consisting of 
perthite, “perthosite” is applicable (Johannsen, 
1937, p. 43), while for the more sodic feld­
spathic rocks only rarely found associated with 
carbonatites {c f Meyer and de Béthune, I960), 
this writer suggests that “albitite” may be ap­
propriate.
Dixey and others (1937, p. 8) also described 
“ tuffs of rhyolitic aspect” ; these seem to be a 
type of microbreccia {see Table 1). Subse­
quently, Garson (1962) traced the recrystalli­
zation of feldspathic breccia (feldspathized con­
tact breccia) into “ pseudotrachyte” containing 
small fragments of feldspar in a fine-grained 
feldspathic groundmass, which by further re- 
crystallization developed phenocrysts and be­
came “ leucotrachyte porphyry.” Pseudotra­
chyte” is a very apt term, for the rock has a 
character which is transitional between an obvi­
ous breccia and a recognizable trachyte. Similar 
rocks found by this writer at Toror in Uganda 
were termed “xenolithic trachytes” (Suther­
land, 1965). The term “ leucotrachyte” is ap­
propriate for those rocks that are almost devoid 
of dark minerals, but, from this writer’s experi­
ence, many rocks contain a variable amount of 
aegirine and/or limonitic iron ores. Most of 
these fine-grained rocks are “ potassium-tra- 
chytes” as distinct from normal trachytes or 
the more sodic solvsbergites.
Where “accessory” minerals are present in
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relative abundance, as for example, fluorite in 
the potassium-trachytes of Nkalonje (Nyasa­
land), Toror (Uganda), and Alno (Sweden), a 
prefix referring to the mineral {i.e., fiuorite- 
potassium trachyte) is preferable to the intro­
duction of a new rock name {cf. borengite, von 
Eckermann, 1960).
The terms which have so far been considered 
provide adequate description for most of the 
feldspathic rocks found in carbonatite com-
(Wright and Bowes, 1963, p. 83) ; volcanic micro- 
breccia is the same as volcanic breccia but with 
fragments less than 2 mm in size; agglomerate is 
composed predominantly of rounded or sub- 
angular fragments of any rock greater than 4 
mm  ^in size, the emplacement of which, whether 
extrusive or intrusive, was the result of volcanic 
action; tuffvs the same as agglomerate but with 
fragments less than 4 mm in size.
Terms fo r  feldspathic rocks. Feldspathic rocl{
T a b l e  1. C l a s s i f i c a t i o n  o f  t h e  P o t a s s i u m - F e l d s p a t h i c  R o c k s  o f  C a r b o n a t i t e  C o m p l e x e s
Texture
Nonfragmental --------------- > Fragmental
Angular Rounded
fragments fragments
Fine-grained Potassium
trachyte
Feldspathic
microbreccia
Feldspathic
tuff
Heterogeneous Porphyritic
potassium
trachyte
Xenolithic  
potassium  
trachyte 
(or pseudo­
trachyte;
Feldspathic
orthoclasite
breccia;
feldspathic
trachyte
breccia
Feldspathic
orthoclasite
agglomerate;
feldspathic
trachyte
agglomerate
Coarse-grained Orthoclasite;
microcline
orthoclasite;
feldspathic
fenite*
Brecciated
orthoclasite;
brecciated
feldspathic
fenite*
* G enetic terms
plexes. There may be instances, however, in 
which it is desirable to apply terms which have 
a genetic significance, for example, in order to 
distinguish between two similar rocks with dif­
ferent inferred histories. As an example, the 
“feldspathic breccia” of Chilwa may be de­
scribed as “ feldspathized fenite-breccia” (the 
hyphen is important) according to the interpre­
tation of Garson and Smith (1958). The same 
rock according to D ixey’s views (Dixey and 
others, 1937) would be “ brecciated feldspathic 
fenite” or “feldspathic-fenite breccia.” Either 
of the last two terms would, appropriately, sug­
gest a resemblance between these rocks and the 
brecciated feldspathic schists described by 
Brown at Mbeya, Tanganyika (1964), for ex­
ample.
Summary o f  Proposed Nomenclature
General terms fo r  fragmental rocl^s. Volcanic 
breccia is “a rock composed predominantly of 
angular fragments of any rock greater than 2 
mm in size, the brecciation and/or emplace­
ment of which was the result of volcanic action”
is a general term used to denote a rock consist­
ing of more than 75 per cent feldspar, including 
both coarse- and fine-grained rocks, and frag­
mental rocks o f the same over-all composition; 
feldspar roc\ is a medium- or coarse-grained ag­
gregate of feldspar; more specific terms are 
orthoclasite and sanidinite‘^ ; potassium trachyte 
2Siài porphyritic potassium trachyte 2iït  fine-grained 
rocks with felsitic or trachytic texture, having 
a bulk composition of more than 75 per cent 
potassium feldspar; leucotrachyte contains less 
than 5 per cent dark minerals.
Terms fo r  fragmental feldspathic rocJ{s. Xeno­
lithic potassium trachyte is a trachyte containing 
fragments of feldspar and feldspathic rock; it is 
distinguished from feldspathic orthoclasite breccia 
by the preponderance of crystalline ground-
 ^The size lim it is that proposed by W entworth and 
Williams (1932), but lapilli tuff is included with ag­
glomerate to simplify the classification.
 ^These terms refer to varieties o f potassium-rich 
feldspathic rocks; more sodic feldspar rocks are not com ­
mon, but the nomenclature, and classification given in 
Table 1, could be modified accordingly.
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mass. Transitional rocks may be called “ pseudo- feldspathized rock is other than original country
trachyte.” Where trachytic rock is not intru- rock, terms such as “ feldspathized ijolite,” f/r.,
sive but appears to have formed in situ, “ pseu- may be used; this terminology makes the dis-
dotrachyte” again may be appropriate. For tinction between “feldspathized ijolite” and
breccias and agglomerates, the rock names are “nephelinized syenite,” both of which are, de­
compounded according to the following scheme: scriptively, “nepheline-syenites.”
nature of matrix (adjective)/nature of frag- , , , ,
ments (noun-adjective)/breccia, agglomerate, cgiow  e gments
etc. Table 1). The work was conducted in connection with
Genetic terms. is metasoma tized coun- the East African joint research project of Bed-
try rock adjacent to carbonatite complexes (the ford College, London, and the University o f
alteration usually involving introduction of Leicester. The project is financed by the De-
sodic ferromagnesian minerals, with or without partment of Scientific and Industrial Research,
feldspar); feldspathic fenite  is feldspathized The writer is indebted to Prof. B. C. King for
country rock, usually rich in potassium feldspar, helpful comments and criticism of the manu-
adjacent to carbonatite complexes. Where the script.
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THE BUDEDA COMPLEK (prefix 2.)
Fig. 2.1. Granitic fenite, SUB 274, Disiyi stream 
Channels of fine-grained alkali feldspar, with 
aegirine and sodic amphibole, transect the earlier 
granitic texture. (Field 3 mm.)
Fig. 2,2. Granitic fenite, SUB 274. Network of 
channels containing sheaves of acicular aegirine and 
sodic amphibole. ( x 30)
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Fig. 2.3 Spotted syenitic fenite, SUB 52, N,E. 
slopes Budeda Hill. Spots consist of relic oligoclose 
in groundmass of recrystallized alkali feldspar and 
pyroxene. (xl)
Fig. 2.4 . Spotted syenitic fenite, SUB 260, Uisiyi, 
100 yds from Siroko confluence.
Fig. 2 .5 . Spotted and banded syenitic fenite, SUB 54, 
'’HE. slopes Budeda Hill. Some oligoclase relics 
surrounded by fringe of recrystallized feldspar, (xl)
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Fig. 2,6. (above) and 2.7. (below) Banded syenitic 
fenites in the Disiyi exposures. In both cases banding 
has been picked out by later feldspathization, and 
slightly displaced along sheci.r veinlets containing 
aegirine augite. Late feldspathization in fig. 2.7. tends 
to obliterate the banding. (Width of view about 2 ft)
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Fig. 2.8. Textures in the syenitic fenites. (a)
Oligoclase relic surrounded hy fringe of feldspar with 
dactylotypic inclusions, in groundmass of fine-grained 
antiperthite with pyroxene. (h) Fine-grained anti- 
perthite groundmass. (c) Medium-grained antiperthite 
groundmass. (d) Coarse-grained perthosite (e) Granular 
mosaic of potash feldspar (potash syenite), (ol-oligoclase 
K-fp potash feldspar, py-pyroxene)
2 4 1
0 5 mm.
mm.
0 5 mm.
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«
0*5 mm.
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Fig. 2.9. Syenitic funite, SUB 52, N.B. slopes Budeda 
Hill. Aegirine augite occurs in layers of small granules 
(y5 )
Pig. 2.10. Syenitic fenite, SUB 67A, Bisiyi, close to 
Sirok0 confluence. Pyroxene granules tending to collect 
to form spongy plates in association with amphibole and 
biotite. (x7i)
Pig. 2.11. Syenitic fc-nite, SUB 67B. As fig. 2.10.. 
(y40)
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Fig. 2.12. Potash syenitic fenite, SUB 59? B.E. slopes 
Budeda Hill. Spots (including large one, top left) 
consist of potash feldspar with dactylotypic inclusions
(x5 )
Pig. 2 .1 3 . Coarse-grained syenitic fenite, SUB 217,
N. of Budeda summit. Perthite with alhite rims.
(x50)
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Pig. 2.14A (above) SUB 58, Budeda Hill.
Pig. 2.14B (below) SUB 242, saddle S. Galala Hill
(crossed nicols, x50)
Porphyroblastic nepheline in potash syenitic fenite. 
Nepheline encloses small crystals of potash feldspar.
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Fig. 2.15. ^^epheline associated with pyroxene veinlet in
syenitic fenite, SUB 57, slopes Budeda Hill
Fig. 2.16. Blebs of nepheline enclosed in porphyro- 
blastic alkali feldspar, syenitic fenite SUB 221, summit 
Budeda Hill.
Pig. 2.17. Nepheline crystals corroded by the 
development of perthite in syenitic fenite SUB 201, Bisiyi 
stream 100 yds from Siroko confluence.
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Fig. 2.18. Feldspathized syenitic fenite, Bisiyi elos-e- tZOyds
Çroro
t-e Siroko confluence.
Fig. 2 .1 9. (left). Early crush texture picked out in 
the feldspathic syenitic fenite. Bisiyi, 120 yds from 
Siroko confluence.
Fig.2.20. (right) Field sketch of the same rock, 
(approx. xli)
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Fig. 2,21, Feldspathized syenitic fenite, Disiyi, close 
to Siroko confluence, Feldspathization partly follows 
earlier banded structure, but is partly diffuse and 
tending to obliterate the banding, Latt.r feldspathization 
transects the banding and tends to follow the direction 
of shear vcinlets,
Fig. 2,22, (below left) Banding in syenitic fenite is 
slightly deflected along the line of a pyroxene veinlet, 
SUB 224 (x4)
"^ 'ig. 2,23. (right) Pyroxene veinlet cuts across earlier 
banding and across aggregates of spongy textured 
pyroxene and biotite, in syenitic fenite SUB 313?
Bisiyi, close to Siroko confluence, (x30)
2 4 7
 peg. vein
/  banding
* ^  ____
pyrox. vein
\  band ing ^ Pyrox. vein
Pig. 2 .24. Field sketch of pyroxene veinlets along 
planes which disturb the banding of the syenitic fenite 
Disiyi.
Pig. 2.25* Porphyroblastic feldspar in syenitic fenite 
close to the Pisiyi-Siroko confluence (approx. xl)
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Pig. 2.26. The syenitic fenite SUB 313, close to the 
Pisiyi-Siroko confluence
Pig. 2 . 2 1 , Diagrammatic representation of the same 
rook, showing relic feldspar patches (r fp), foliated 
ground mass (f gm), narrow ijolitic veinlets (ne py) 
and late feldspathic vein (1 fp). The grid corresponds 
with thin sections.
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Pig. 2,28. (left) Textural detail of syenitic fenite
(SUB 313? 5G). Granules of pyroxene sweep round 
feldspathic areas that probably represent early rol4e 
crystals. pyroxene granules tend to collect to form 
single crystals, replaced by amphibole and biotite. 
(x40)
Pig. 2 .29. (right) Same field showing the texture of 
the feldspar. "Single" crystals are now represented by 
a recrystallized intergrowth. Dark minerals are shown 
black.
Pig, 2 .30. Marginal zone of small ijolite mass south 
of Galala Hill, More resistant bands consist of equi- 
granular ijolite traversed by feldspar pegmatite veins ; 
intervening bands are rich in calcite, and are also 
feldspar-bearing.
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Pig. 2.31. Spotted syenitic fenite cut by cancrinite 
syenite (right). Extreme attenuation of spots, and 
development of shear planes, some occupied by pyroxene 
veinlets (left) may be unrelated to the intrusion. 
Cancrinite syenite is not chilled, but feldspar laths 
show fluxion parallel with the contact.
Pig. 2 .32. Pyroxenite (dark) partly replaced by 
leucocratic ijolite. Siroko, S. of bridge.
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Fig. 2. 33. Melt Gigitc/p^rr ox enite tra,versed by replacement 
veins of coarser grained ijolite. Siroko, S. of bridge.
Fig. 2.34. Photomicrograph of melteigite traversed by 
ijolite vein. Alongside the vein pyroxene in the 
melteigite becomes coarser grained and more sodic, as 
judged by the deeper green colour. SUB 29 (x3-&)
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Pig. 2.35. Textural detail of melteigite, SUB 210. 
Subhedral pyroxene surrounded by interstitial nepheline. 
Pyroxene r•'placed by sphene (crystals with dark borders) 
and interstitial biotite ( seen black) (x30)
Pig. 2.36 A. Melteigitic texture. Pyroxene (pyr) 
with interstitial poikilitic nepheline (ne), together 
with apatite (ap) and sphene (sph).SUB 208a , N. slopes 
Budeda. Hill (all xl5) .
B. Ijolitic texture. Mutual embaymont 
shown by both pyroxene and nepheline. SUB 208b .
G. "Paving" texture. Subhedral nepheline 
crystals are surrounded by pyroxene crystals distributed 
peripherally. Some replacement of nepheline at the 
edges by cancrinite. SUB 208B.
I). ITicroijolitic texture. SUB 236, Galala 
Hill, Euhedral nephelines with irregular outgrowths 
enclose acicular pyroxene near the centres. Interstitial 
calcite.
2^3
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2. 37A. "Paving"' texture shown by i jolito, SUB 38 
slopes Budeda Fill (x20)
Pig. 2.37B. Nearly euhedral nepheline in SUB 39 
(x20)
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Pig. 2 0.380 Alteration of diopsidic aegirine augite of 
the melteigitc to darker, more sodic aegirine augite 
alongside replacement by nepheline. SUB 34? Siroko S. 
of bridge. (x40)
Pig. 2.39. Development of feldspar and calcite in 
ijolite S. of Galala Fill.
Pig. 2 .4 0. Peldspathic ijolite SUB 292, near Budeda 
summit. Peldspar (fp) forms clear, interstitial crystals 
surrounding euhedral nepheline and subhodral pyroxene.
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?ig. 2.41. ■Relic of nepheline (centre) in feldspar. 
SUB 211, M. slopes Budeda Hill. (x50, crossed nicols)
Pig. 2,42c Cancrinito (cn) replacing both nepheline and 
feldspar. Cancrinite-nepheline syenite, Budeda Hill.
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Pig, 2 ,43. Cancrinito interstitial to laths of potash 
feldspar and pyroxene in cancrinite syenite SUB 264.
Pig. 2 .44. Pelic nepheline (midgrey, ‘cracked' appear­
ance), together with pyroxene, in a background of 
feldspar and cancrinite. SUB 88,(x30, crossed nicols).
perth
SUB 264
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Pig. 2 o45 o Pegmatitic structure in cancrinite syenite 
(sarnaitc) SUB 282. Dark bands consist of acicular green 
pyroxene. Peldspar forms white laths. Cancrinite, 
pinkish in hand specimen, appears medium grey in the 
photograph. (xli)
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Pig. 2.46. Texture- of sarnaitc SUB 282. Prismatic 
cancrinite (cn), together v/ith pyroxene, is enclosed 
in large crystals of potash feldspar. ca - calcite.
Pig. 2.47. Field outcrop of cancrinite syenite dyke 
(centre and foreground) on island in Uisiyi stream. 
Top, right, earlier cancrinite syenite.
Pig. 2 .48 . Texture of the cancrinito syenite dyke, SUB 
265o Laths of potash feldspar enclosed in background 
of cancrinite. Pyroxene appears black. (x50, crossed 
nicols).
ca
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SUB 282
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Pig. 2 .4 9 . Cancrinite-nGpholine syenite dyke rock SUB 
262A, Uisiyi, 50 yds from Siroko confluence, Cancrinito 
is interstitial to laths of potash feldspar, A small 
amount of relic nepheline occurs,
Pig. 2 ,50. Dyke of fine-grained cancrinite phonolite 
encloses renoliths of feldspathic sycnitic fcnite, 
Bisiyi, 120 yds from Siroko,
Pig. 2 .51. Cancrinite phonolite dyke rock SUB 269. 
Laths of feldspar and cancrinite (the latter showing 
more pronounced basal cleavage in the photograph), with 
acicular aegirine. Roundish areas consist of nepheline, 
or cancrinito, or aggregates of cancrinite.
SUB 262a
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M
y±g. 2,52Ac Diffuse- veins of feldspar in cancrinite 
syenite, island in Disi3^ i stream.
jTig. 2.52Bo Peldspar/p3/roxene pegmatitic veins in 
variable cancrinite syenite, same locality.
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Big, 2,53. Bepholine syenite SUB 102, Siroko N. bank, 
of bridge, Buhcdral nepheline enclosed in poikilitic 
feldspar (white), (x30)
Big, 2,54, Small dykes of fine— grained nepheline 
syenite cut variable ijolite, Siroko S, of bridge.
Plouke ICL.)
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Big. 2.55. Beldspathization of nepheline syenite. 
Network of feldspathic veinlets traverses nepheline 
syenite mass, N. hank Siroko, N. of bridge.
Pig. 2.56. Carbonatite (white) replacing melteigite 
(dark) with the development of schlieren and banding 
SUB 49, N. slopes Budeda Hill.
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Pig. 2.57. ReplaceiQint of melteigite by calcite. 
Stubby crystals of pyroxene are surrounded by a mosaic 
of calcite, SUB 45. (x20)
Pig. 2 .58. Texture of the pyroxene-bearing carbonatite 
SUB 49. Pyroxene is here more acicular and tends to be 
oriented. ( x 3 i ) *
Pig. 2 .59. Pragments of ijolite surrounded by 
carbonatite, S. of Galala Hill. The carbonatite here 
may be intrusive into brecciated ijolite, or it may 
represent replacement by calcite.
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Pig. 2.60. Chemical analyses of Budeda rocks plotted 
as f- oxide? normative mafic minerals. Al^O^; total 
iron oxides.
Key ? small filled circles, melteigite and ijolite
small open circles, ijolite v/ith feldspar
large open circles, cancrinite syenite
filled triangle, granite
open triangle, syenitic fcnite
squares half filled, syenitic fenito with
little nepheline.
filled square, fenite with more nepheline than 
feldspar
dashed line, intrusive series 
dot-dashed line, fenite group
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Fig. 2.62. As fig. 2,60. Na^O; KgO
Fig. 2.63. Plot of modal nepheline and its alteration 
products against the normative percentage of dark 
minerals, for the fenites.
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rig. 2.64. Plot of NaAlSiO^ - KAlSiO^ - 8iOg for the 
Budeda rocks.
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?ig. 3 .3 . Photomicrograph of the replacement of hiotite 
by feldspar. SUTo 510. (y.l85)
pig. 3.4c Dislocation of plagioclase in granitic 
Basement during fonitization. Interstices occupied by 
aegirine and amphibole. SUÏo 501A, eastern knoll (x56)
2 71
Pig. 3.5c Granitic fenite SUTo 509, co.stern knoll, 
whrre VCinlet of sodic amphibole (amph) traverses 
channel of oriented alkali feldspar (alk fp), amphibole 
crystals tend to be parallel with this feldspar, but 
cls-whore the amphibole is aligned along the vcinlet. 
(mi pcrth, microclino porthite^ plag, plagioclase) 
(Tiiameter of diagram 1,2mm.)
Pig. 3.6. Photomicrograph? detail of amphibole and 
aegirine in fenitized granite SUTo 514. Aegirine is 
more acicular (darker in the photograph) and 
surrounded by paler sodic amphibole. (xl85).
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Pig. 3.7A. Pattern of amphibole/pyroxono vc-inlets in 
the granitic fcnite SUTo 514 shows the beginning of a 
crude foliation in places, (photomicrograph x56).
Pig, 3.7B. The veinlots arc superimposed on an earlier 
crush texture, as seen in the same portion of the rock 
with crossed nicols, (x56)
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Pig. Texture of the sy^nitic fruité SUTo 529,
W. of Limekiln Hill. Oval "spots'’ consist of granular 
aggregates of rr:crystallized potash feldsp'.r (eg. centre) 
or porphyrohlastic larger crystals enclosing some of 
the smaller ones ( sea, top, right). Photomicrograph, 
crossGcl nicols, x56).
Pig. 3.8B. Another view of the same rock in plane 
polarized light showing tho texture of pyroxene (dark) 
around the feldspathic areas. (x56)
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Pig. 3..g . Alkali s^ncnitc, having a texture closely 
similar to syenitic fonito, as a xenolith in carhonatito 
(left of photograph), southern quarry, limekiln Hill.
Pig. 3.10. Specimens showing contact hotwcon nepheline 
syenite (no sy) and sycnitic fcnite (sy fen), from 
eastern slopes of Iiimekiln Hill. (xl)
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Pigo 3olio Textiiro of the nepheline syenite SUTo 38. 
Puhedral and suhhedral nepheline (no), with prisms of 
pyroxene (p^ -^) enclosed in background of clesLr, 
poikilitic feldspar (fp). Anhodral calcite (ct) occurs 
sporadically and sphenc is accessory (sph).
Uiameter 3 mm.)
Pig c 3 o12 0 Ijolitc; oast side of limekiln Hill «
'■'^edium-grained ijelite and coarser textured meltcigito 
are transected bj/ a vein of wollastonite urtite (wo-urt) 
and replaced by coarse-grained ijolite with euhodral 
melanito (mol) and much interstitial calcite.
Pig. 3 o13 o Development of biotite in altered ijolite, 
SUTo 173? limekiln Hill. Biotite flakes (bi) replace 
the turbid alteration product after nepheline, and 
collect as porphyroblastic plates. Biotite also 
replaces pyroxene. The ijolite is much fcldspathized 
(fp), and carbonated (ct). Ap-apatito. Diameter 2 mm.
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Pigo 30I4 . Füldspathization of ijolite. Tho ijolite 
roTno.ins as dark cores in a network of feldspathic veins 
which ziorgo as areas of orthoclasite. Narrow oar'honate 
VO.inlet8 occuper the centres of somc feldspathic veins, 
bnt also cut across the rock indcp.cndontly.
Pig. 3 o 1 5. I'-eldspathized nepheline syenite . i\ 
feldspathic area ( orthoclasitc with intc^rstitial 
aegirine, magnetite and limonitic material) is seen 
in the right of the photograph. In the centre, a group 
of lath-like porphyroblastic crystals of potash feldspar 
occur within the nepheline syenite.
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Fig, 3-16c Orthoclasitc, SUTo 521, Nc end Limekiln 
Hill, Laths of orthoclaso have a random arrangement, 
with interstitial magnetite, and calcite. (light grey 
in photograph) penetrates the slightly dislocr.ted 
crystalso (x7).
Fig, 3 c 17- c Altered i jolite (dark, ij) with biotite 
(bi), penetratGd by potash feldspar (fp) and cut by 
white carbonatito (carb), varying from coarse- to fine 
grained, I.ater grey carbonatito vein with dark border 
is displaced by brown carbonatite vein on right of 
diagram. (Horizontal dimension is 20 cm,)
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Pige 3.18. Lato brecciation and .ioniiization aifacting 
feldspathic rock. Orthoclaso crystals show slight break­
up into optically discontinuous units, and are corroded 
by channels of fine-grained granular feldspar. Ycinlcts 
of argirino c.nd ore (v) pick out a shear pattern. TTuch 
Crv.lcite (ct) is associated wi t h  the- granulation and 
vcining. SUTo 564. (3 imLi).
279
Pige 3.19. Structures in the carhonatite of 
Linekiln Rill.
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Pig. 3.20. Diagram showing the prohahlo iorm of the 
Tororo carhonatitos.
Pig c 3 o 2l. Xcnoliths of reddish-weathoring foldspathizod 
agglomerate fragments in c:rhonatito (white with 
schlieren) and later light brown carhonatite veinsc h. 
end of Limekiln Hill.
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Pig. 3.22. Banded etrncturos in pyroxene-carbonatii:o
Limekiln Hill. These are loosened boulders, and the 
attitude of the banding is not meaningful.: it is nor... 
or less vertical in situ.
A. (top) TTcdium- to coarsc-grainod pyroxene 
forms vague b-nds separated by pure white coarso- 
grained calcito. Alongside one such calcitc
band ( immc diat cly b o 1 ow mat ch b ox ) thv. pyr ox one 
is coarser grain: :d, indie a, ting pogmc.titic 
rocrystallization.
B. (contre, right). Closely spaced pyroxf-ne-rich 
hands similar to (A), blany of the pure cdcitc 
bends are bordered by a concentration of 
p^TTOxono. Locally the pyroxene and calcito 
crystals arc intcrgrown in feeithery structiures.
C. (below). Patches of coarsc-gro.incd pyroxene 
in carhonatite (centre) gradually pass into a 
finor-grainod streaky banding (top, right of 
photograph) which it is inferred may be due to 
shearing.
2 8 2
rig. 3.23. üarbonatito with shcar-textiirc, SUTo 647, 
Liinckiln Hill. I,ight coloured fragments consist of 
broken feldspar. Hark streaks formed of haematite, 
limonito and, locally, pyrite. (Horizontal 
dimension 6 cm.)
Pig. 3.24. Texture of the carbonatite SUTo 600. large 
crystals of calcite, together with some aggregates, are 
surrounded by a groundmass of fine-grained calcite.
The lerger crystals clearly belong to an older 
generation: whether the groundmass represents a 
recrystallized ''mortar" texture, or a later carbonate 
melt is not certain. (4 mm.)
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Fig, 3.25, Photograph of acetate p o d  of carhonatite 
from the large quarry, Limekiln Hill, to show 
textural variation. The coarse-grained carhonatite 
represents an early phase, enclosed in finc-grc,ined 
carhonatite. (xG-g) .
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Fig. 3.26. Banded, magnctite-carbonatito dyko rock, SUTo 
565. Detail of texture.
Fig. 3.27. Fold structure (in upper part ?) of 
magnetite carhonatite dyke.
Fig. 3.28. Detail of texture in the region of the fold
2 8 5
3cm
calcite
calcite + 
dendritic 
magnetite
stitla.l , 
material
turbid
2 cm calcite +•. , 
intcrsti tial 
magnetite
Fig, 3c29o Texture of carhonatite dyke SUTo 163 (no 4 
in Figr 2 .3OB9 Below)9 in which 'lath-liko crystals 
(iielilite ? ) arc now represented hy calcito,
Fig 3.30. Field sketches of narrow dykes in carhon«,tito. 
Ac 1 . Me dim-grained carhonatite; 2 . Blue-grey 
carhonatite; 3. Breccia dyke of silicate rock;
4. Light carhonatite rock; 5. Grey, streaker 
carhonatite dyke ; 6. Yollow-grey carhonatite dyke, 
(W. side, Limekiln Hill)
Bo 1. Coarse-grained grey-v/hite carhonatite v/ith 
apatite, and feldspar relics; 2 , Buff-coloured 
streaky carhonatite (alueito ?); 3. Breccia dyke 
4. Light grey, cream-weathering carhonatite 
(alnoitic ?); 5. Fine-grained carhonatite (S. side 
Limekiln Hill)
(Exposures approximately 3 feet across)
y T L-
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Fig. 3.31. Fluorite replacement (dark) alongside veins 
of grey, streaky carhonatite in white carhonatite. SUTo 
170, Limekiln Hill.
Fig. 3.32. Carhonatite with spheroidal magnetite/calcite 
structures. Photograph of rock surface, SUTo 578, Limekiln 
Hill. (xli)
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Fig. 3o33o Detail of internal structure of the spheroidal 
structures in SUTo 578,
Fig. 3.34. Exposure of ijolitc agglomerate dyko in upper 
quarry. Limekiln Hill. Note the grouping of ellipsoidal 
fragments in layers.
Pigc 3 .35. Hornblende intcrgrown with pyroxene and 
hiotito, SUTo 63, Fragment in agglomerate dyke, W. 
Limekiln Hill.
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jÿig„ 3.36, Tlarkor diagram illustrating chemical trends 
in fenitization of the Tororo Basement rocks. (Na^O and
KgO).
lig, 3.37. As fig. 3.36. (Foirric oxides)
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Fig. 3.38. Harker diagram compiled from compositional 
data, for Napak ijolites, and Tororo ncpheline syenite 
and syenitic fenites.
Recalculated omittina CUo and Lu-.O
Fig. 3.39. As 3 .38, with feldspathic rock in place of 
syenitic fenite.
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THE TOROR HILLS COMPLEX (prefix 4)
Fig. 4.1. Sketch map of the complex showing probable 
relationship between the intrusions and successive 
centres.
É■ ■ ■ ■ . ■  ■ ■ ■ ■ ■ :  
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Fig. 4.2. Vcinlets consist of spherulitic aggregates of 
fibrous bluo-grecn chlorite (?). Fenitised granitic 
gneiss SUT 229, N.W. slopes Toror Hills. (xl85)
Fig. 4 .3 . Here, fenito channels occupied by alkali 
feldspar and biotite, Fenitizod granitic gneiss SUT 190, 
U .W . slopes (xlb5)
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Pig. 4.4A. Pevelopinont of prismatic crystals of blue- 
green amphibole. Penitized feldspathic gneiss SUT233, E. 
slopes of complex.
Pig. 4.43. Vcinlets consisting of aggregates of acicular 
aegirine (darker in photograph) and sodic amphibole. SUT 
233. (xl85)
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Fig. 4.5A. Replacement of biotite along the cleavages 
by potash feldspar. SUT 214, slopes of the complex. 
(xl85)
Pig. 4.5B. Same field, with crossed nicols
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Fig. 4.6. Oriented laths of alkali feldspar (with iron 
oxides) in feldspathic fenite SUT 161, near summit ridge, 
N. side of complex. (x56)
Fig. 4.7. A. Photomicrograph of feldspathic fenite 
SUT 242 from E. slopes. Turbid orthoclase, clear 
rnicrocline, and lath-tcxtured alkali feldspar with 
interstitial iron oxides. (xl85, crossed nicols)
B. (below, right) Diagram of the same 
rock (Orthoclase stippled) (x50)
m2 9 5
Pig. 4.8. Chemical composition of the Toror fenites 
re:presented in terms; of normative orthoclase, albite 
and quartz.
Diameters of circles indicate the percentage of norm­
ative dark minerals from 190 (less than to
233 ( 2 5 % ) .
Pig. 4.9. A . Texture of the feldspathic fenite breccia 
SUT 192. Pragments of feldspathic fenite (rnicrocline 
and orthoclase) in fine-grained groundmass of feldspar 
and limonite. (field 1 mm.) W. slopes.
B. Acnolithic potash trachyte, SUT 195A. 
Twinned phenocryst of sanidine rimmed with orthoclase 
(stipple), together with fragments of feldspathic fenite 
(rnicrocline and orthoclase) in fine-grained felsitic 
groundmass. (Same magnification) N. slopes.
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Pig. 4.10. Pragment of rnicrocline in fine-grained' 
groundmass. Xenolithic potash trachyte SUT 18, N. slopes 
of the complex, (xl85)
Pig. 4oil. Diagram to illustrate the radial arrangement 
of the tfachytic dykes in the northern part of the complex 
Trends of trachyte dykes (black) with foliation of 
Basement gneiss (no ornament° where both superimposed, 
diagonal stripes). Each measurement represented by unit 
of 4 mm length. Semicircles are located on western, 
northern and eastern sectors where the respective 
measurements were taken.
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?igc 4.12. I'ield out crop, drawn from photographe of 
sheet of porphyritic potash trachyte5 SUT 1.36 (upper 
part of diagram)9 cutting carbonatitc which shows vague 
vertical handing. (Top, centre, is hcumaer<. area 
sketched is 4 ft wide) N. summit ridge.
Pig. 4 .1 3. Porphyritic potash trachytes, with 
phenocrysts of orthoclase in fine-grained felsitic 
groundmass.
Ac (loft) SUT 112B N. slopes of complex 
B. (right) SUT 136, N. sum lit ridge.
(xl85, crossed nicols)
m2 9 8
-M
Pig. 4.14o Ac (left) Porphyritic potash trachyte SUT 
103. Phenocryst of orthoclo,so partly rcsorhed, with 
outgrov-^th of sanidine enclosing groundmass laths, Pinal 
stage of crystallization of groundmass is very fine 
grained and speckled with limonite, (I'icld 0,8mm),
N. slopes of complex.
B. (right) Texture of orthoclasitc, SUT 1349 
shown as with crossed nicols, Black, acicular crystals 
of aegirine (?) replaced by limonite. Diameter of 
circle 1 mm.
Pig, 4.1 5. (left) Pelsitic texture of groundmass of 
SUT 120 (xl85? crossed nicols)
Pig. 4c16c (right) Trachytoid texture of SUT 103 
(xl85, crossed nicols)
29.9
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I'igc 4-017 Trachytiü orthoclasite SUT 197, near summit 
in N .w , sect oro (xl85, crossod nicols),
ligo 4c 18, Peitchcs of fluorite (centre) in potash 
trachyte, hark minerals include chlorite and limonite 
SUT 1679 ho summit ridge, (xl85)»
I’igo 4.19» Texture of orthoclasite SUT 139, U. summit 
ridge, ( x l 85, crossed nicols).
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Fig. 4.20c Normative constituents of the potash 
feldspathic rocks represented diagraiimatically, together 
with those of the fenites and Basement gneiss.
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N O R M A T I V E  
O R T H O C L A S E
Quartz Albite O rth oc las e  
F Fluorite
Nepheline 
P Apatite
L e u c i t e O th e r s
rig, 4,21, Chemical composition of the feldspathic
rocks in terms of NaAlSiO^-EillSiO^-SiOg
open circles- orthoclasite
filled circles- potash trachyte
open squares- xenolithic trachytes
filled squares- feldspathic fenite brecci"
open triangle- feldspathic fenite
filled triangle- fenitized Basement
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Pig. 4.22. Derivation of the feldspathic rocks. Fp 
feldspathic fenite; A, zone of intrusive feldspathic 
fenite breccia ; B, zone of xenolithic trachyte; C, zone 
of trachyte; D, zone of orthoclasite and successive 
phases of feldspathic fenite accompanying the rise of the 
carbonatitc.
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î'ig. 4 .23. Field sketch of marginal zone of carhonatite 
snmmit region, W. of v a l l e y  in northern ridge. 
a ; shattered, locally brecciated Basement marginal to  ^
and enclosed in, the carhonatite G.
b s an earlier phase of carhonatite, fragments of which 
occur in an exposure of breccia immediately to the north 
of main outcrop.
d,e,f are a succession of carhonatite dykes and veins. 
h - rather broader carhonatite dykes which may be equi­
valent to f. They are later than the dyke g, 1 ft wide, 
that consists entirely of iron oxides.
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Pig. 4o24- Weathered surface of carhonatite, N .W . summit 
region, showing handing.
Pig. 4^25. Detail of the handed structures in carhon- 
atitc.
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coar se  
“ colcite
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biotite ba n ds
1 ft. approx.
Fig. 4.26. Voinlets of apatite crinkled into fold- 
structnre in the carhonatite. Magnetite hands approxiinately 
vertical. N.W. snmiiiit.
Fig. 4.27. Sketch, drawn from photograph, of xenoliths 
of Basement rocks enclosed in carhonatite. N.W. summit.
3 0 6
m agne t i t e  b a n d s
bands of apa t i te - rock
(g 7 ' c a rbona t i t e
6 in. approx.
I ' lgo 4.280 Carbonatite with magnetite9 wmth texture 
resembling graphic intergrowth. Later vein is light 
brown carbonatite, SUT 169? from upper part of valley 
in northern ridge.
307
I
U
Û
Fig. 4 .29. Detail of the surface of the same rock
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?igo 4 .30. Texture of carbonatite with relic aegirine 
(dark, right of photomicrograph). Calcitc grains surrounded 
by granules of iron oxides. SUT 223 (x56) N.W. surmit
zone.
Nig. 4 .31. Medium-grained carbonatite cut by finc- 
grained more ferruginous carbonatite. Both rocks 
affected by limonite veining. SUT 153, northern ridge 
(x56).
N i g .  4 . 3 2 .  S h a p e  o f  r h o m b i c  c a r b o n a t e  c r y s t e . l s  ( ?  s i d e r i t e )
outlined by limonite. Carbonate has been subscjuently 
replaced by fine-grained apatite. SUT 145 (x56), northern 
ridge.
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T'ig. 4 .33. Brocciatod lino-grained apatite rock in 
liinonite/calcite matrix. SUT 35, northern ridge. (x2)
rig. 4 .34. Light coloured phosphatic material (? fran- 
colite) forming interstitial matrix in ferruginous 
carbonatite SUT 35, northern ridge. (x2)
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Pig. 4 .35. Textural detail of phosphatic minerals in 
ferruginous carhonatite vein. The francelite (?) shows 
structure resembling sect or-twinning, and encloses 
minute crystals of pyrochlorc. SUT 19.
Pig. 4c36. Apatite veins (white) cutting ferruginous 
carbonatite SUT 150, northern ridge. x 1
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Pig. 4.37A. Columnar and transverse jointing in 
phonolite, E. side complex.
Pig. 4.37E. Prominent transverse jointing and platy 
structure in phonolite mass east of Nyanga Hill.
3 12
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Pig. 4 .38. Phonolite of Nyanga Hill, from Nakazilet, 
Basement rocks occupy the lower slopes of Wyanga and 
the hills to the right of the photograph.
pig. 4 .39. Phonolite of Toror Peak, cmplaced in phono- 
litic breccia which forms the central area in the 
photograph, with Tinguaite Peak in the background. 
Taken from the eastern hill, with carbonatite in the 
foreground.
313
Pig. 4 .4 0 . View of Toror Hills from the north. 
Phonolites capping the hills of Moruangi'iamorj (M) and 
Pakazilot (N) have the appearance of lava relics, hut 
are considered to he intrusive sheets.
T - Toror Peak, Tn - Tinguaite Peak
Pig. 4 .41. Contaict at the base of Nakazilot phonolite, 
Eo side of hill. Contact dips inwards at about 40^. 
Below is Basement granite.
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Pig. 4-4.2. Texture of sheared phonolite SUT 185 from 
Oropoi. Shear movements indicated hy the handing, but 
final crystallization of aegirine in small clumps of 
radiating needles. Leucocratic areas•consist of 
feldspar phenocrysts (rather turbid), patches of 
natrolite5 and feldspar/nepheline/analcite groundmass.
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Fig. 4 .43. Zoning of nephelino in analcito phonolito 
SUT 144. Zones outlined by lamellae which have lower 
refractive index. N.spur. (xl85)
Fig. 4.44c Zoned pyroxene in the same rock. Cores of 
augito and acgirine augite surrounded by zones 
oscillating between aogirino-poor and aegirine-rich. 
Aogirinc-rich rim similar to the groundmass crystals. 
(x 56)
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Fig. 4.45a Texture of yellow acmite in natrolitc- 
analcitc phonolito SUT 115, N. slopes of complex (xlb5)
Fig. 4.46a . Aggregate of nephelino phinocrysts in the 
same rock.
B . Same field with crossed nicols, showing 
replacement by natrolite. (x56)
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rig0 4.47A. Sphcne (centra, right) with acgirine- 
rich pyroxene in the phonolito SUÏ 195. Leths in 
groundmass arc feldspar, in background of analcitc and 
natrolite W. side of complex.
B. Apatite in the same rock (xl85)
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Fige 4.48a (loft) Phonocrysts of feldspar and 
cancrinito (contre) in cancrinito phonolito SUT 204. 
W. slopes of complex. (x 56, crossed niçois)
B . (right) Phonocrysts of cancrinito in sam; 
rock, same magnification.
Fig. 4.49. Microfoyaite texture of SUÏ 196A, W . slopes 
of complexo Aegirine-rich pyroxene (dark) in groundmass 
of nephelino and feldspar. (xl85)
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Vigo 4o50, Distribution of alkalis in the phonolitos 
and trachytes of Eastern Uganda comp.'red with that in 
average rocks of this type. (Analyses taken from 
JohannsGii, 1938 and D:,,ly 1933 for the average field^ 
the Uganda examples include analyses quoted by Davies 
1952, Uytonon 1959, and DuBois 1956).
Solid circles : phonolitos 
Open circles! trachytes
V : feldspa.r rock, Torero, included in trachyte 
field for comparison
Vigo 4.51. Phonolito.breccia of the central area. 
Angular fragments of a variety of phonolitos occur in 
a purplish brown matrix. (x2 approx.)
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?ig. 4 .52. Ncpheline syenite SUT 235? tre.vcrsod by 
feldspathic vein (right). hastern slopes of complex 
(x3 aipprox.)
I'ig. 4c53» l-iold sketch of small neplielinite 
intrusion on N, slopes of complex.
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?ig. 4-. 54Â  . Photomicrograph of nophelinitc , Euhodral 
c r y s t a l s  of nephelino with inclusions of acicular 
pyroxeneo Corroded crystals of molilite (?) have a good 
cleavage parallel with t h e  elongation, and a transverse 
p a r t i n g .  Pyroxene also p r e s e n t  (left and right of 
photograph), in dark, ferruginous g r o u n d m a s s . SUT 1 2 4  
( x 5 6 )
B. Diagram of the same rock.
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pyrox e n e
n e p h e l i  ne
1 mm.
m e la n i  t e
mel i l i t e?
apati te
^ m a g n e t i  te
fer rug in o u s  
g r o u n d m a s s
?ig. 4.55. }(0nolith of melanite ijolite in the 
nepholinite. Melanite (dark) replaces ncpheline crystals 
mainly around the edges, also pyroxene (relics top, 
right). Sphcne locally associated with melanite (top, 
right of centre). (x56)
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NAPAK (prefix 5)
Pig, 5.1. Outline geological map of the Napak area
Pig. 5o2Ao Okathim, part of the dissecteci volcanic 
cone, viewed from the central complex of hokupoi. To the 
left is the parasitic plug of Alekilek (see fig- 5-3)
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rig. 5.2B. View of the volcanics of Okathim from the 
north cast. The steep pediment below the crags also 
consists of lavas s,nd agglomerates. Boscmont rocks 
occur on the low ridge loss than 200 feet above the 
level of the plain.
Big. 5.3* Alokilck; a parasitic plugg formed of 
agglomerates.
3 2 5
4
Big, 5*4* Biold sketches of outcrops and blocks in the 
ijolitos of Lokupoi,
A. Ijolite with angular relics of molteigite, and 
recrystallized veinlots of pyroxene,
Bo Variable ijolitos cut by later wollastonito 
pegmatite (wo). mos % mesocratic ijolite; ij %ijolito 
pegmatite? py-ne, patch of coarso-texturcd pyroxene 
and nephelino.
C . Sequence of veins in melteigite.
1 o Dark; fine-grained melteigite“ 2. mesocratic ijolite 
vein and early ijelite pegmatite ^ 3* mesocratic ijolite 
veins with fine-graincîd margins? 4* diffuse patches of 
more leucocratic ijolite; 5. ijolite pegmatite, zoned 
in places with, pyroxene in centre; 6. leucocratic 
ijolite (urtite).
Do Banded pegmatites in melteigite. Bor symbols, see 
above (B). m e l : melanite.
E. Coarser pegmatite with marked comb-structure.
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I'ig, 5.5* Burt hcr field sketches illustrating 
relationships in the ijolitos of Lokupoi.
A. Early meltoigitc showing dcvolopmont of coarse­
grained more leucocratic ijolite in interiingoring 
patches ; with more mesocratic areas (on right). Those arc- 
cut by ijolite pegmatite veins with comb-structurc, and
a later phase of coarse-grained ijolite.
B . Several episodes of ijolitc-voining in melteigite, 
some of which are demonstrably dilational (centre).
C . ''cltcigite (right) shows incoming of nephelino to 
produce a speckled mesocratic ijolite, together with 
nepholino-rich pods and stringers, and wider areas of
medium-grained ijolite (centre). Later ijolite pegmatite 
veins and pyroxene veinlots.
D . Schlicron of relic melteigite in ijolite.
E. Band of melteigite in ijolite offset by later ijolite 
pegmatite.
Ta Melteigite (dark) and ijolite (light) cut by a 
succession of veins including pegmatite, mesocratic 
ijolite, and dark pyroxene-rich streaky veins,
G. Melteigite with veinlots apparently undisturbed by 
development of ijolite.
H. Pyroxenitc or melteigite with mesocratic ijolite, and 
later pegmatitic ijolite (right) having melanite crystals 
near the margin.
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Big.5.6. Field outcrop, showing leucocratic ijolite 
invading melteigite.
Big. 5.7. Dark melteigite and pyroxenitc, grading into 
mesocratic ijolite, enclosed in coarse-grained urtite 
and cut by urtite veins.
Fig. 5.8. Angular xcnolithic area of melteigite enclosed 
in variable ijolite (photograph of boulder sketched in 
fig. 5.4A)
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rig, 5 .9 . Diffuse banding in medinm-grained variable 
ijolite.
rig, 5.10Â. Relationships in the ijelites of the 
summit area of the lone hill of Lokupoi,
.Vi..
Rig. 5»10Bo Diagrammatic guide to the photograph above 
Dark pyroxenite and molteigite traversed by mottled 
ijolite pegmatite veins (1) to (3), fine-grained 
loucocratic ijolite (4 ), later ijolite pegmatite (5) 
and urtite (6).
pyroxenite- . 5
melteigite
3G
m e s o c r a t i c  
liolite
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rig. 5.100. Detail of part of outcrop shown in fig 
5.lOA.
rig. 5.11. Structures in the ijolitcs. (Drawn by B.C. 
King from photographs of field outcrops and reproduced 
here with his permission).
(a) Variable-toxtured ijolite passing locally'into 
raodium-grainod urtite and cut by a sequence of veins 
(1/30).
(b) Medium mesocratic ijolite traversed by succession 
of pegmatite veins and sharply cut by urtite (1/20)
(c) Variable ijolite developed by nephelinip;ation of 
pyroxenite-meltoigito (1/15)
(d) Mesocratic ijolite, with xcnolithic p^^roxenite- 
melteigite, traversed by pegmatitic veins, and cut by 
banded ijolite. Both sharply truncated by late 
banded wollastonito urtite. (1/25).
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Pig. 5.12A. Poikiloblastic mclanitc (black) enclosing 
corroded nophcline and pyroxene SUN l8l (xlO)
Pig. 5.12B. Banded mclanito ijolite cut by Vvollastonite 
cancrinite urtite. SUN 49. X4-
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3'ig. 5.13ii. Banded fold spar-bearing rocks occurring 
among the ijolitcs of Lokupoi, Bight-coloured Ic.yers 
consist largely of potash feldspar.
rig. 5.13B. Textural variation in the feldspar-bearing 
rocks, fine-grained layers consist of cancrinite syenite ; 
coarsvo-textured areas range from orthoclasite to 
acgirinc-orthoclasite and cancrinite syenite.
3 3 2
Pig. 5 .14. The carbonatite plug of Moruangeborr, 
within the ijolite hills of Lokupoi.
Pig. 5 .15. Banded structures in the carbonatite, formed 
by concentrations of magnetite, occasional sideritc, 
and variable grain-size in the calcite.
3 3 3
Pig. 5.16. I'onitization of Basement gneiss. Block 
showing irregular fcnite veins across the foliation, 
but locally penetrating parallel with the layering. 
■Ridge, to south of lokupoi.
Fig. 5.17. Field sketch showing crushing of Basement 
gneiss and re-orientâtion of blocks.
Fig. 5.18. Texture of part of the fcnitizod gneiss. 
Cores of plagioclase with turbid rims arc surrounded by 
more sodic plagioclase, with pyroxene and sodic 
amphibole.
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/ / /// '?°r'
Aft.approx.
reorientad 
crush rock
plk amphibole older plagioclase
albite
amphibole
aeginne
acrin’ite 
sphenfe melanite
1 mm. SUN 501
?igo 5ol9» Modified von 'Volif diagrcuzi of rocks from 
Elgon, Napak and Endoda. The volcanic field o,nd m d n  
plntonic field arc separately ontlined. Normative 
anorthite has been subtracted from L to give I'p 
(alkali feldspar) and values for Ep and M 
recalculated accordingly.
^'eproduced, with permission, from King, 1965, p.86,
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•  Py ro x en i t e  
© Melt eigi te  
O I jol i te 
O U r t i t e
® Felspathized I jol ite 
X N e ph el ine  & C an cr in i te  
+  Feni te Syeni te
°  Turja i te
• N e p h e l i n i t e  & Melane phe l ini te  
'  Phono l i t e .  Trachyte ,  e t c
NEPHELINITE
Phonol
ASPECTS GP APEAPI ROCK GENESIS (Prefix 6)
Fig.6.1 Diagram to 3Dow the relationship inferred 
"between the complexes
336
S C H E M A T I C  S E C T I O N
A TOROR
v o l c a n i c
] ]  z o n e  of  multiple 
1L in tr u s io n  of 
11 c a r b o n a t i t e  
j j a n d  e x t e n s i v e  
I  feldspattViZGtion
z o n e  of 
i n t r us ive  
c a r b o n a t i t e
c a r b o n a t i t e  
a c c u m u l a t i n g  
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s y e n i t i c  f e n i t e  
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N S  2 m i l e s
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N
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 ^ f e l d s p a t h i z a t i o n
Pig.6.2 barker diagram illustrating the ro.nge 
in composition of nepheline syenites 
associated with carbonatite complexes.
circles? intrusive rocks
crosses : nephcline-bearing fenites
triangle? feldspathized ijolite (BudedaX 
Analyses taken froDi Garson (19o5), Johnson (19&1;,
Lehijarvi (I960), Saether (1957) and von Hcker-
mann (194b).
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Fig.c.3 Nepheline syenites from Malawi (larson 
"!9b5).. plotted as Na.,0?Al,,0^.d. d _)
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APPïi.MUIX (Prefix 7)
Fig. 7,1 Chemical composition of pyroxenes
from the Uganda complexes in terms of the 
molecules diopsidc-hedenbergite-acmite
After TTT-ler, 1963, fig. 3.
3 3  9
Acm4tt
N apnk  m elteigites-^^ /  »
«.f • •
Pyroxenite *
Turjaite
O PyroMrnc carbonafitc (Tororo) 
+ N*ph«hn* syenitic fcrntc 
A Fddspattiized ÿoUte ( Tororo) 
o Aegbinc orthoclasite 
Ac Cancrinh* syenite 
A Nepheline syenite
• Ijolite
• Meltcigites
Ijoi. p e g
m e lte ig ite s
D iopside 20 40 60 H e d e n b c rg ile
i= ic;. 7 . Diagram to show the rolatiorsbip hecvveer 
extinction angle and chemical composition 
in the p-^'roxenes ol the Uganda complexes.
34 0
Acmite
<10 .8
/ 10°20‘
20\
AO
30-40
\  33
45
\
i'lopsidc 20 40 60 80
\
Hedenbergite
Fig,7.3 Diagram illustrating the variation in 
extinction angle of the pyroxenes in 
the fenites of Eudeda,
lo Granitic fenite with fine-grained 
channels.
2o Fine-grained syenitic fenites ( 0.Imm) 
3. Medium-grained syenitic fenites 
(0.3mm approx.)
4o Coarse-grained syenitic fenites 
( 2mm)
Fig.7.4 Diagram illustrating the variation in 
extinction angle r.f the pyroxenes in 
ijolite, nepheline syenite and feO.dspathiaed 
rocks of Tororo.
1. Ijolites
2. Nepheline syenites
3. Feldspathized ijelites and nepheline 
syenites.
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Aegirine
0-10
ce
Aegirinc
Fig.7.5 Parts of X-ray diffraction patterns of 
powdered feldspars from some potassiurn- 
f eld spathic rocks . (Compare Ilackenzie, W . 8. 
1954, I'iner. Fag. 30, p. 354-366, in par­
ticular fig. 5. )
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